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FOREWORD. 



This book comprises Section 13 of the Standard 
Handbook for Electrical Engineers and is reprinted 
in this form especially for the Circulation Department 
of the Electric Railway Journal. This section is 
intended to cover the electrical engineering of 
electric railroading. No attempt is made to treat 
road location, track building, etc., which are purely 
civil engineering problems. 

Other phases of electrical engineering of a 
general character are, of course, treated in other 
sections of the vStandard Handbook, but the material 
herein will, it is hoped, be found of practical value 
to railroad men. 
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SECTION 13. 

ELECTRIC TRACTION. 



INTBODUCTION. 

(Crow references refer to paragraph numbera 
tn the section where the reference appears.) 

1. The electric motor has become recognized as the tJIM Of inotiTt 
power par excellence for all city railways, whether overhead, on the sur- 
face, or underground, and has increased in capacity from the original 
7-hp. motors with double gearing to the 550-hp. gearless motors, used on 
the New York Central 100-ton locomotives. The work whloh the elee- 
tric railway motor is called upon to perform is vastly varied in char- 
acter and scope, ranging from the operation of small single truck cars at a 
maximum speed of 15 miles per hour to the propulsion of a 1000- ton pas- 
senger train at 60 miles or more per hour. CSty railway systems have 
adopted electric motors in place of the horse, cable and steam locomotive, 
and the suburban railway field is also largely electrified, while electric lines 
parallel and successfully comi>ete with steam lines operating between all 
principal cities in the more populous districts. Furthermore, the success 
attending electric motor operation has led to several installations involv- 
ing the use of heavy electric locomotives which will replace steam' loco- 
motives on certain sections of trunk lines. 

2. To meet suc h wi dely different operating conditions it has been neces- 
sary to adopt a type Of eleotrlc motor permitting great flexibility in 
design and capable of extreme development, and the almost universal use 
of the series-wound d.c. motor operating at 500 to 600 volts has demon- 
strated the fitness of this type of motor for all around conditions. During 
all the succeeding years of development, no tyi>e of motive power has been 
perfected equaling in efficiency and general adaptability, the d.c. series 
motor, and so far as the car equipment is concerned, there is no reason to 
contemplate a change in type of motive power. Unfortunately, the car 
equipment constitutes but a single link in the railway distribution system, 
and the series-wound d.c. motor, limited to a potential of 600 to 1200 volts, 
entails expenditures in the first cost and cost of oi>erating the distributing 
system, which has given rise to the adoption of other ts^pes of motive power 
for certain classes of service. 

3. The underrunning overhead trolley suspended over the car between 
the rails is still ati excellent method Of secondary distribution for the 
smaller city service lines and interurban roads, but the demand for a greater 
power than can be collected from a suspended copper conductor has led 
to the introduction of the third rail, of both the unprotected and protected 
types. Thus, while the trolley furnishes a conducting medium for the 200 
or 300 hp. demanded by a high-speed car, the third rail can supply the 
4000 hp. required for the oi>eration of electrically hauled trains at the 
New York Central terminal. 

4. The early d.c.-serles motor was designed with double gearing 

This was soon superseded by the Single geanng which is common prac' 
tice to-day. With the application, however, of the electric motor to nigh- 
speed locomotive service, the way was opened for the next step in advance, 
the gearless motor, and the New York Central electric locomotives attest 
the success of the latest development in d.c*. series motor design. 

6. There was but one step left in the development of the d.c. series 
motor, and this consisted in making use of the years of experience in the 
design of 600-volt railway motors, and increasing the voltage which can 
be successfully commutated, and there are in construction m the United 
States four interurban electric railways upon which it is proposed to use 
1200-volt d.C.-serles motors of the geared type. The high-potential d.c. 
motor offers no special features in design, being rather the embodiment^of 
hard bought experience in the development oftbw ^fi^N^N. Tsa5aN«s»« 
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Sec. 13.-6. ELECTRIC TRACTION. 

adoption of the 1200-volt motor carries with it certain economies in the 
first cos^ of installing electric railway systems which justify the complete 
re-design of control, rotary converter and switchboard apparatus, a matter 
of applied present knowledge rather than of untried experiment. 

6. During the past four years an entirely new type Of motive power 
has been developed which can be operated directlv from the a.c. generating 
and distributing systems without the necessity of having any intermediate 
rotary converter. The CO. railway motor was foreshadowed in the early 
experiments of Thomson and others, but it required the experience gained 
in d.c. motor design and the introduction of low-frequencv supply before 
the early experiments could be carried to fruition. A frequency of 25 
cycles or lower is required for the successful operation of the a.c. railway 
motor, and while a lower frequency oflfers material advantages in motor 
design, the gain however, is hardly sufficient to offset the commercial 
advantage of adopting 25 cycles in order to utilize the enormous generating 
capacity now in conmiercial operation. 

7. The a.c. Single-phase railway motor can be operated with a trolley 
potential of several thousand volts, far beyond the present possibilities 
Df d.c. motor design, and with the advantage of lower first cost of secondary 
distribution and elimination of the converter sub-station, the a.c. railway 
motor system oflfers a material reduction over the d.c. rotary converter 
system in the first cost and cost of operating extended railway systems. 
Owing to these material reductions in first cost, many railroad problems 
can \m considered from an electrical standpoint, which were hitherto closed 
on account of the excessive first cost of electrifying with the rotary con- 
verter system. Thus, while the high potential trolley is not a factor in 
the operation of city or suburban roads, running through densely jpopulated 
districts, it does offer new possibilities in districts requiring an infrequent 
service. Furthermore, it opens the door for the electrification of certain 
sections of main trunk line roads now operated tnr steam, as it materially 
reduces the high fixed charges incident to electrification with d.c. motors, 
and thus helps to bring the balance in operating expenses in favor of elec- 
trification. 

8. Although not in general use. the three-phase Induction motor 

has been installed and operated as a railway motor with considerable 
success. Owing to the American prejudice to the complication of the 
double trolley and the semi-synchronous character of this type of motive 
power, only one induction railway motor installation has been made in 
America, but there are certain classes of work for which the three-phase 
induction motor is well adapted, and its qualifications and limitations 
should l)e understood when considering problems of heavy electric traction. 
The successful development of the single-phase a.c. motor has undoubtedly 
curtailed tne field of application of the three-phase induction motor for 
railway purposes, but for certain classes of work the three-phase induction 
motor possesses qualities not shared by any other t3T>e of motor, and the 
installation of induction railway motors will be made wheie the conditions 
are favorable. 

9. There are three types Of motors available for railway service, 
giving rise to three systems of d'stiibution. 

(1) The d.c. series motor of 600 to 1200 volts, fed from rotary converter 
or motor generator sub-station, tied into a high potential three-phase 
alternating-current transmission system. 

(2) The a.c. series motor fed directly from an a.c. high-potential trana« 
mission system through intermediary step down transformers. 

(3) The a.c. three-phase induction motor fed directly from an a.c three* 
phase transmission system through step-down transformers.- 

All three ssnstems enjoy the advantage of a.c. generation and tranft* 
mission of power at high potential, the d.c. and induction motor system 
demanding multiphase generation, while single-phase generation and dis« 
tribution best serves the needs of the single-phaise a.c. motor system. 

10. All railway estimates are based upon the performance of the rollin 
stock, as tnis determines the type of equipment to be used, its capacit 
the possibilities of schedule speed, the power input to the train, both ma 
imum and average, .this in turn aetermining the characteristics of the Ic 

tfoteati&l distribution ayatem, whether trolley or third rail, its '^^apacit 
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ELECTRIC TRACTION, See. 13.-11. 

etc., thus leading up to the determination of aub-station capacity, and 
finally the capacity and cost of the generating station. It is important 
therefore, that the characteristics of the different types of motive power 
be thoroughly understood, as a false assumption or error in the preliminary 
calculation of motive power capacity and train energy consumption may 
lead to very serious errors in laying out the entire generating and distributing 
systems. 

11. The various Steps to be followed in the determination of the 
proper relation of motive power equipment, distribution and gen- 
erattng systems, are as follows: 

(1) A knowledge of train-resistance values. 

(2) Calculation of possible schedule with the frequency of stops, train 
weight and other fixed factors entering into the problem. 

(3) Determination of train input as obtained from train resistance and 
energy consumption values. 

(4) Determination of motor capacity. 

(5) Calculations of train diagrams. 

(6) Determination of capacity of low potential distribution system and 
Bub-stations. 

(7) Determination of generating station capacity. 

(8) Estimate of cost of the various parts of the electric railway system 
as determined by the capacity found above. 

(9) Approximate cost of operation. 

(10) Approximate gross income as determined by comparative statistics. 

(11) Dividend earning power of road. 

TBAIN RESISTANCE. 

. 18. Careful experimental tests carried out during the past few years 
with electric locomotives and motor-cars have thrown new light on the 
much discussed question of train resistance at the higher speeds. With- 
out, in any way, disparaging the care taken in tests made with steam loco- 
motives, it was not until electrical methods of measuring power introduced 
greater accuracy than obtainable by the steam indicator, tliat consistent 
results becamp obtainable with light trains operating at very high speeds. 

13. The electric motor was the means of introducing the Single-car 
train oi>erating at speeds up to 70 miles per hr., concerning the operation 
of which no dataware extant. It was soon found that such a car operating 
alone required an input out of all proportion to the power required to 
propel a train composed of several such cars operating at the same speed, and 
new adjustments had to be made in train resistance formulas then existing. 

' 14. During the spring of 1900 a series of tests were made by Mr. W. J. 
Davis, Jr., on the Buffalo & Lockport Railway, which consisted in running a 
fO-ton electric locomotive alone and with trailers at speeds approach- 
ing 60 miles per hr., as a maximum, and these tests probably constitute 
the first consistent attempt to utilize the benefits of greater accuracy 
which electrical methods of recording afford. Since then other tests taken 
under better conditions and with different classes of equipment, afford 
data from which it is possible to predict, with a considerable degree of 
accuracy, the total resistance, wind, bearing and rolling, opposing the 
movement of cars or light trains up to speeds of 100 miles per hour. 
15. Train resistance may be expressed in pounds tractive effort 

at the rim of the driving wheels of the prime mover of a train. It thus 
includes all losses in bearings, looses due to rolling friction, bending rails, 
flange friction, etc., and finally the wind resistance loss which is itself 
made up of head-on resistance, skin or side resistance and eddy currents 
caused by the suction at the rear of the car or train. All these variables 
depend upon the condition of bearings, desiipin of trucks, condition of the 
road-bed, shape and cross section of cars, direction of wind, etc., so that 
any tests, to furnish authorative data, must oe sufficiently comprehensive 
to eliminate the errors of purely local conditions. A.s no such elabomte 
series of tests have yet been made, any £on!(i\v\». ^x<Si^SR».\R^ 'asvx "^^ ^»^^ 
avaiiitblet must at best be approximate. 



Sec. 13.-16. , ELECTRIC TRACTION. 

16. Data arr available on locomotives and cars of modern oonstniotioii 
as follows: — 

Bufifalo and Lockport experiment in 1900. 

Zossen High Speed Tests in 1902-3. 

Tests on New York Central Tsrpe Locomotiye at Schenectady, 1905-6. 

Tests on Car No. 5 at Schenectady, 1906. 

Tests made by the Electric Railway Test Com^nission, on the test car 
"Louisiana." 1904-5. 

New York Subway Tests, 1905. 

Many isolated tests have been mside from time to t^'me other than those 
mentioned above, but either the data were not sufficiently complete or the 
conditions were too unfavorable to justify using the results obtained as 
applying to other than local conditions. The data comprised in the tests 
given above are sufficiently general, as they include the operation of trains 
varying from a single 35 ton car to a train of 532 tons, and speeds up to 
130 mues per hr. in tlie Zossen Tests. 

17. The laws goyeming the friction of journal bearings are fairly 
well understood and the fact that such bearing friction constitutes part of 
the resistance opposing the motion of a train, need introduce no undeter- 
mined factors. Such friction losses decrease with the pressure on the bear, 
ings and are a function of the speed. Hence, the expression, f « A + B S'. 

Where ** f " is bearing friction expressed as pounds per ton, A and B are 
constants determined by experiment and S is the speed expressed conven- 
iently in miles per hour. 

18. Boiling friction is due to the friction of metal rolling on metal 
where the surfaces are not perfect, the bending of rails due to insufficient 
upport, such as ties or ballast, or too "-ight rail for the weight carried, 
flange friction between rail and wheel flange; all these factors being propor- 
tional to speed and hence represented by a straight line function. As 
bearing and rolling friction are both approximately proportioi\al to the 
q;>eed they may constitute the first two terms of a train resistance formula, 

f =-A+BS. 

19. The constant. A, has been determined by experiment to vary 

from 3.5 to as high as 12 pounds per ton, depending upon the weight con- 
centrated on the journal bearings. Both the Zossen cars* and the New 
York Central locomotive have indicated in test a value of A =» 3.5 to 5, 
both the cars and locomotive having a weight of approximately 200,000 

gounds concentrated on twelve journal bearings. Tests on Car No. 5 at 
chenectady on the other hand, gave a value of approximately 8.5 for A, 
this car having 68,800 pounds on eight bearings. Hence, the unpossibility 
of giving a single value to A that will obtain over wide variation in type 
of equipment. 

80. The factor. A, can be expressed in terms of the train weight and 

the following purely ranpirical term is suggested as agreeing remarkably 
close with eaEperimental results. 

50 
A »» — —, where w — tons weight of train. 

Vw 

In asiog such a term it is necessary to limit A to a minimum value of 3.5. 

21. Values of A. 

20-ton car 11.2 

30 •• " 9.12 

40 " " 7.9 

60 " " 7.07 

60 " " 6.45 

80 " " 5.58 

100 •• " 5.00 

200 " " 3.54 
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ELECTRIC TRACTION, Scc. 13.-22. 

is. Rolling friction and bearing friction, increasing with the speed and 
giving rise to the ooeffioient of S In the second term of a train resistance 
formula, can be determined expcarimentally by operating a train with 
and against a wind of known velocity. Thus, given a wind of say 10 miles 
per hr. in the direction of the test track, a series of runs made at 40 miles 
per hr. against and 60 miles per hr. with the wind would give the same 
condition as regards wind resistance, that is, 50 miles per hr.; while any 
difference in the total train resistance found should be caused by the differ- 
ence in rolling and bearing friction obtaining at 20 miles per hr., the differ- 
ence in relative speeds of the train. Unfortunately the published data of 
the Zossen Test are incomplete in this respect, and offer no material upon 
which to place a value for the second term coefficient. Other tests taken 
for the purpose give values of B for speeds up to 80 miles per hr. with 
trains of any composition, and as the efifeot of B is small with heavy trains 
and almost neglic^ble with single cars operated at high speed, any errors 
introduced by reason of insufficient data, do not seriously affect the accu- 
racy of a tram resistance formula as applied to the classes of equipment 
commonly met. 

28. Yaluet of B obtained experimentally vary from .03 to .07, 

depending upon the type of equipment and condition of track. For prac- 
tically all oi>erating conditions a value of B » .03 will give sufficiently 
accurate results, using higher values of B for very light equipments (under 
30-ton cars) and poor track conditions, such as too light rail, accumulations 
on rail, etc. 

84. By far the most important term of a train resistance formula for 
light trains is the term exi>ressing the relation between effect of wind and 
speed of train. It is in this term that the many elaborate tests taken with 
steam locomotives have failed in affording accurate data, especially for 
very light trains operating at high speeds. Such tests have usually been 
made with either steam indicator or with d\iiamometer car as the means 
of determining the effect of wind pressure. The indicator card included in 
its readings all the intermediate internal friction losses of the locomotives, 
thus making results obtained by its use of Small value when applied to other 
types of motive power having much smaller internal losses. The dynamo- 
meter car, while giving accurate readings of the draw-bar pull required to 
haid the succeeding trailers, failed to indicate the amount of head-on wind 
pressure, by far the larger proportion of the total resistance opposing the 
progress of a light train at high speed. Hence, the tendency to discard in 
a large part, the exi>erimental data obtained from steam locomotive tests 
and place reliance upon the data obtained from such tests as the series 
listedCsee 16). 

S6. Tests made upon small models (Goss in 1897) and by means of 
whirling surfaces, seem to indicate that wind pressure increases as the 
square of velocity. In 1894. Kemot published the results of tests showing 
values of C as in 26: — 

26. Values of C. 

C » .004 for flat surfaces, 
C » .0024 for octagonal prism, 
C « .0020 for cylinder, 
C « .0014 for sphere. 

Where C » pounds per square foot; hence giving rise to the form, f » 
C a S^, for the third term of a train resistance formula. 

27. The Zossen experiments also indicated that the wind effect upon 
the car increased as the square of the speed, thus following along the line 
of laboratory experiment and previous experimental train tests by Davis in 
1900. 

28. The simplest and most accurate method of making wind resis- 
tance experiments consists in the coasting method, where train is al- 
lowed to drift until it reaches standstill, the rate of speed decrease and 
elapsed time being accurately noted. The efforts of most experimenters 
have been directed toward securing such data during periods of no wiad itv 
order to eliminate this troublesome feature, bMt a^ se.x\fta cA xmti& \s^rkw'w>5^ 
and against a wind of known velocity otLex^ xoxiOa. ^\a» \tf^. ^"^icfisrw^a^ 

(26) ^\ 
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ELEQTRIC TRACTION. See. 13.-29. 

ayailable, and affords a ready means of solving directly for the coefficient 
of the second and third term of our train resistance formula. 

89. For example, given a wind of 20 miles per hr. velocity, a series of 
runs made with and against such a wind will, at say 50 miles per hr. 
train speed, correspond to a wind pressure at 30 miles per hr. with the wind 
and 70 miles per hr. against the wind, the rolling friction being constant at 
the value obtaining at the train speed of 50 miles per hr. As the wind 
pressure varies as the square of the speed, such a series of tests affords a 
means of determining the coefficient of S^ for the particular type of equip- 
ment used. 

SO. It has been found that the shape of the oar end has a lai^e influ- 
ence upon the coefficient of S^, such a result being reasonably expected 
from the results of experiments by Goss, Kernot and others: in fact, Davis 
checked up the values of .004 found by Kernot for flat surfaces. As a 
matter of fact, no cars or locomotives used for high e^eed service have 
perfectly flat ends, and hence, all experimental values of G have been found 
to be less than .004. 

81. Little attempt has been made to construct cars for least wind 
effect* owing lai^ely to a lack of full understanding of the benefits to be 
secured thereby. The cars used for high speed suburban service and all 
electric locomotives, with the single exception of the New York, New Haven 
and Hartford a.c. locomotive, are provided with partially rounded ends, 
with the result that the effective wind pressure is considerably reduced. 
A notable example of the extreme tyi>e of pointed nose design is the steel 
gasolene motor-car No. 7. of the Union Pacific Company, and such con- 
struction is a step in the right direction. 

82. Values of C vary from .004 with perfectly flat ends to .0015 with 
noses of the extreme type, while the average rounded end suburban car and 
electric locomotive with sloping front give rise to values of C from .002 to 
.0025. Hence, the complete train-resistanoe formula for single car 
operation becomes, 



F- A+BS+ 


CaS2 
W 


50 

+.03 S+- 


.002 a S2 



wherein, S is the speed in miles per hour; a the cross section in square 
feet, and W the car weight in tons. 

38. It was found by Davis that somewhat larger coefficients for B and C 
obtained from the limited data of the Buffalo and Lockport tests, but much 
subsequent data seem to indicate values of B => .03 and C => .002 for cars 
weighing not less than 40 tons and having partially rounded ends. 

84. Comparison of calculated car-resistance with the actual test 
values obtained from the Zossen exi)eriments.* 

Speed of Car in Miles per Hour 

10 20 40 60 80 100 120 



A =- 4.92 4.92 

BS = .03 V 30 

Ca S2 .002 82x128. 

=- . .25 

W 103.2 

F (calculated) = 5.47 

F (observed) = 3.5 



4.92 


4.92 


4.92 


4.92 


4.92 


4.92 


.60 


1.20 


1.80 


2.40 


3.00 


3.60 


1.00 


3.96 


8.93 


15.90 


24.80 


35.70 


6.52 


10.08 


15.65 


23.22 


32.72 


44.22 


5.5 


9.10 


14.9 


22.8 


33.3 


46.00 



♦ Here area = 128 square feet and wei^^Yit. = \Qa.'l \.OTiA v3RRRk\a:\. 
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eorrefpondfl eloiely to ten per oent, ot the value of wind resistance as ex* 
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|i— VW^ 



iZnkingV^ 




€tfioiuffik 



^H'^'t^al toh00lba»m' 



Fig 7. — ^N. Y. C. locomotive, side elevation. 



where n ■■ nmnber of cars in the train. And the complete formula for 
any weight and composition of train becomes, 



F- 



50 



Vw 



+ .03 S+ 



.002 a Sa 



W 



{-'-^y 



The above formula is presented as being an ex- 
pression of the knowledge of train resistance with 
the data extant, but any such formula is largely 
empirical, and is subject to change from time to tune 

the results of additional tests become available. 



89. Figs. to 13 show ourveB based upon this 
tndn reiistanoe formula, and express the resistance 
encountered with cars of from 20 to 60 tons weight 
<q;>erating singly and in trains. Also, for high-speed 
locomotive service, a series of curves is plotted for 
values up to nine-car train operation. All these re- 
sults assume a perfectly level tangent track free 
from any foreign matter, such as street accumula- 
tions, sand, snow, etc. The effect of such matter 

is to seriously increase the value of B, hence the ^ , 

curve values should be increased if conditions are pjQ g jjnd elevation 

imfavorable. 

40. Automobile train reiistanoe runs to higher values than for cars 
raerating upon steel rails, due to the character both of the road bed and 
tuee. The irr^ularities of a highway or even a macadamized road make 
rubber tires a requisite for easy riding. A pneumatic tire will com^rem^ 
sufficiently so that the vehicle will not be com:v>^\\ed \o tv^fc C3f^«« ^ccl^ 
•mface obstructions, but the energy ao saved \b pex\\v VmX. m «ntD;^^cMRK&^ 
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'30 feet. Bimilarly tlie ladiui of any earn ia fMl 






Kveral anglH, E A B. B A C. 
otc-, each equa] to one-haJf 
the desree oi the curve are 
laid off. In the first of theae 
dinotioiu one hunilred [eet ia '^ 
mauurad off and a btAlce 
driveo. From this ataks 
another hundred [est is meas- 
ured off and lined in by the 

Ooe hundred faot°chorda 'm 

indicated in Fw- IS. this point 

but ie alwiLVS iadic&ted by a 
■lake marked as ahowu, P. T. 







1 & 


- ,ll- 


A ' 


,fW 


1> V T 


s - -JtA 




(S "/it 


, ' V ? 






I V-- 








:::;::3:2:±5i:: 



d are driven at tractioi^ diatancBs. 

» the degree of 



Grot stake oF the ourye Is driren 
itermedi&te BtakeA are neceaaary 




ed length they do nolTwcome a eerioui factor in train 
tanoH cmicmauDQS Kneept in tne calculation ' ■ 
■e theee are asiigned to mduntain grade » 

I. QradM are eTpressed in percentage, being 



to the hypolhejiuBB, A grade oi plus one 
ia miaed vertically oi.e foot for each one 1 

Gr Dent gr&de is one where the train fa 
It of distance travelled. It (oHowb that 



JustioD ia mm weixbt due tc 



ler CMt n 


v™rjd, a' 


plue one 
°2o'lbrp^ 


per cent 
^psr ce 


d^S^ 


tooonsi 
if (ravel 



jndred 



ELECTRIC TRACTION. Sec. 18.-48. 

l&orisontal, but for the «Z06ftlTe grftdM it is neceasary to correct for 
e£Fective trainweight. 

GradM are divided in railway parlance into virtual grades and rulinf 
grades. 

48. Virtual gradet are of limited length and are so called as they ex- 
press the equivalent ^;rade, a value always something less than the true 
grade. A train runmng at constant speed can surmount a certain grade 
as determined by the maximum tractive effort available. The moving 
train however may be compared to a revolving flywheel and has stored 
up in the moviiu[ mass a large amount of energy that is usually expended 
in heating tiie brake shoes during the period of stopping. This stored 
energy may be used to furnish the extra tractive effort required to ascend 
a heavier grade than the available locomotive tractive effort alone would 
permit, but in such a case the grade must be of short length. Hence, the 
actual grade may be considerably in excess of the virtual grade, provided 
it is so short that the inertia of the moving train can supply the additional 
energy required to ascend it. 

49. The ruling grade means the maximum grade encountered on a 
given section of track and may be the actual grade, where such is of long 
extent, or the virtual grade, where the inertia of the train may be used 
to advantage in overcoming a heavier short grade. The ruling grade 
Ot freight nauling roads should be limited to two per cent or less when 
the topography of the country will permit, in fact, on a modem freight 
road any grade exceeding one per cent maximum would be considered 
excessive and demand the use of helper locomotives. While low grades 
are not so important on electric suburban railways where the income is 
largely derived from passenger receipts, the future possibilities of freight 
traffic over these lines makes a low gradient desirable whenever possible. 

60. Coefficient of adheiion expresses the ratio between tractive 

F« 

effort and weight on drivers. Coefficient ■■ — . 

W 

This is expressed in per cent and is a variable depending upon the con- 
dition of track and composition of wheels, the following values are ap- 
proximate. 

61. Coefficient! of Adhetion with uniform Torque. 

Clean dry rail 30 per cent. 

Wet rail 18 " with sand 22 per cent. 

Rail covered with sleet 15 20 " 

Rail covered with dry snow 1,0 " " "15 



I* 



62. It is good practice to detign the motive power of a car or loco- 
motive so that it can Slip the wheels on a dry rail* this practice not being 
strictly followed in very high speed motor car equipments, owing to the 
enormous current input this would demand of such an equipment designed 
primsjily for low tractive effort and high speed. In locomotive practice 
nowever, it is customary to rate the locomotive at the tractive effort 
corresponding to a coefficient of 22 jper cent of the weight upon the drivers, 
that is, at practically the slipping point of the drivers. This practice 
is handed down from steam locomotive practice where the tractive effort 
is fluctuating during one revolution of the driver, hence on account of 
the perfectly uniform torque exerted by the electric motor, the electric 
locomotive could readily be rated some 15 per cent higher in tractive 
effort for Uie same weight upon the drivers. 

63. The values for coefficients of adhesion given in the Table (61) 
are based upon the assumption that the motive power gives a perfectly 
uniform torque. Thus, while 30 per cent is the maximum value given, 
tests with electric locomotives have recorded as high a coefficient as 35 
to 40 per cent under very favorable conditions. For single motor-car 
service where all axles are equipped with motors, the txactvN^ %^Qit\. vtv^- 
able with a coefficient of adhesion of 22 per cent \a ^'i v«^ c«w\. o\*iRR^;-^ 
440 lb. per ton, or sufficient to carry the car up & 22 v« ^^^ ^b»»»*^*^*^'^* 
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"™e grftd™" "molor''M"hoii.^Br, harm operate under all ol 
litioua and lieace ie liable u> meet conditions «here the coeffici 
•aioa may dron to as low as 10 per cent, n ttiat the ttij-Httiiiih 
jraotloe should never erceed 12 u> 13 per cent, and should au 



. of tr&ck bTftke at 
to ensure safel; ' 



1 when 



heavy, eapecially if the rigid wheel base of the I „ .. 

of curvature small. 

H. Where tnUen are hauled, it beeomes important to knov 
mk^mum gnOn can be surmounted with the tractive effort pen 
by different coefficienU of adhesion. In Fig. IS is shown the relatii 

grade that can be surmounted wlien a flat ^lowance of 10 lb. per" 
made (or train resistanoe. 
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Pit). IS.— RelatEoD betneet 
Examph 



hauls a tntiler n 



w^ht on drlvflis and | 

ing 24 tons, ivhat maicimain crwie cf 
Aaawer: Total train weight 3S + 24 — 60 Ion 

Weight on drivers 60 per ci 

60 

Hence from Fig. 1 6, t 
with a coeffifiien'l of 10 p 

E«. The values in Fig. 16 provide no leeway for itartliis n 
A minimuia of 10 lb. per ton a required for starting freight tr 
an additional 4 lb. per toD for train resisblnce, hence, lot^trael 

TnetiTe effort per ton — 4 + I0+(20xper Mut Ende]. 



ELECTRIC TRACTION. 



fe. BiMd upon above formula, Fij. 17 ie msdo up givim tl- 
Of looomoHve nqulrvd to opariite tnUoi from 5do to 3ooa 
w«igbt on any gnat. It is nasumed that all the Locomotive weigr 

if the alisnment IB ecxid. Where pony or bogie guidiBK truclcB are no 
for aa/ety in rounding curves or lo prevent nosinn. divide the va 
locomotive weight as obtained from Fig. 17 
on drivers la total locomotive weight obtaini 
required. 



Sec. 13.-59. 
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Flo. 17. — Hauling power, electric looomodvee. 

of terms and symboln made necenaary by the analytical treatment. Througjl 
out this worli therefore, the graphical method will be used and only such 
fu n d am ental formuLas given as are indispenaabJe. 

There are several lerma used in connection with train acceleration ph^ 



n. BraldllK atfort. also expressed ir 



gt nUlM JMT br. p«r ico. — wully U 



Sec. 19.-61. 



SLECTRIC TRACTION. 



Bl. Bata of brkUne, being ttie inrrement expruuns tbe imte of d«- 

MMM in bihihI of train. Both rau ot acoelerstiori and rste of brmking 
may vary considerably during HuoceMive period* of time, depewjinc upon 

U. Tnln TMlittuiae, a variable, expreued in pounds per ton and 
tending to retard the motion ot the train (see S3, 38). 

*S. apaed-ttma currai, axprewinK the relation of the above variablee 
in curve forni. generally with apeed in miles per hour as ordinate* and 

M. ZavtJ ourrtl, shnninE the energy consumption, generally ex. 
pressed ae watt-houi4 per ton mile for different rates of aceeleraitjon. braJuDS 
and train resiiCance for various elapsol times over s. given distance run. 

AS. A better understanding of th? possible movements of a car or train 
operating at diBerant speeds over different distances, is obtained by elim- 

atrai^ht line Hcceleratioit. coagting and biakina curves. 'The results so 




praetieabl 






.„ ,, ioof'speed time "cubes' shown in Fig. IS.'. The spoed-timo 

as to also give a tonsUnt rate of braking. The ana enclosed within the 
triangle, A, B. C, is proportional to the distance travelled, the distance cor- 

ThuB, with the 'constants chosen in Fig. 18, a maximum speed of 60 milM 
coveririg'a distance of 5280 feel in 120 seconds. 

■T. The simple fonnulai required In the ootutruottim of tuud** 
mental ipMd-tlllu OUTrei are given as follows: 
Let a represent velocity in feet per seeood; 

/, the force producing acceleratioa expressed in lb. per tun; 



m, the man 

K the weight in lb. 



V a 32.2/ 
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Fig. is. — Typical Bpeed-timg cc 
IB. In pnctical operation it Is ni 



•a (varyins coaiting ra 



.. _j<i"30 lb. pBr° ton respectively. With no 
1, A. B, C, D, la constructad, tne apeed bein« 
ilM per hr, duriiis the ooutinK penod. With 
ipeed-tirae curve. A. £. O, D, ie [ormed, and 
he epwd-timB curve. A F. H. D. The iatro- 
uucuon oi inctioa oecaaona a [olliiiR oS ot speed dunog the ooutini period 
propOTtional to the friction value taken, which for the sake of simplicity 

n. The (pMd-tling eurm shown in Fins, is and 19 both indicate 

the rale of acceleration was tnalproduceri by 85.7 Ih. per ton, anil in the 
other case by 100 lb, per ton. These curvea are of equal area, as the di»- 
taniw in eaeh case is 5280 ft., and it thus becomea poedble lo produoa 
any nnmber of apecvi'ti ' ■ ■- . j -» j -:^- u_ 



iB rate of aooejetation ' 
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tance of one mile oovpred 
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le rale of acceleratiOD v&o-iu 
num to an infinite number cd 
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FiQ. 21.— Smilar speed-time ourves (varying diBtanece). 
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ELECTRIC TRACTION. Sec, 13.-72. 

of the wiuare roots of the dietance travelled. This is shovn in Fig. 21. 

A, F, I, I,, two stops per mile with a factor of — - .707: A, E, H, K, 

per m. B w.t a Mtor o — - . , a A, ... one slop 

in one Bod one-holt miles with a faotor o( Vfs — 1.22S. 

Tl. Fip. 22 is _ „ 

r ton tula rwlltUlM, and 150 lb. per ton braking for any length o[ 
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>d any rate ot acceleration. The dotted curves indicate the loci of 
reral maiimiun apeede reached with ditTerciit accelerating rates for a 
ade in a given elapsed lime, thus the dotted curve lerminaling at 
I. per ion IB a reproduction of the similar dotted curve. A B, given in 



and 150 lb. braking .effort. Similarly, tjie dotlei 

U. By the use of Fig. 22. it becomes pn^sihle to determine the Umu 

rvqulrml to make x run over any diitanea with anr rate of acoelm- 

to ISO^Ibl^per ton HiUi^dTi^K eScr^'* ' ' "" "'""' ra ing correspo 

> Example; Given a distance of BOOO ft., train mnatsnoB Vi\t>, vx^oK' 

brakinai tS^n 150 lb. pw Wo, tiwnive aaort, j^nna W A\ii. Vi v» i^ap 
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Sec. 13.-7r . ELECTRIC TRACTION, 

dndine 15 lb. per ton train resistance), what is the minimum iime required 
to p^orm the run and what maximum speed is reached? 

Antwer'. From Fig. 22, minimum elapsed time with 67.4 lb. tractiTi 
effort — 130 seconds with no coasting. 



. /8000 

V — - 1' 



Ratio of distances ■> A/ " 1»23. 

5280 

Hence for 8000 ft. time of run » 130x1.23 » 160 seconds. 

Maximum speed for 5280 ft. = 55.6 miles per hr. 

Hence for 8000 ft. speed <» 55.6x1.23 «> 68.5 miles per hr. 

75. In actual Iiractloet a certain amount of coasting is necessary; 
hence, the run of 8000 ft. would be made in somewhat more than the min- 
imum possible limit of 160 seconds, or else the tractive effort should be 
increased to allow for a higher rate of acceleration that would permit di 
some coasting. Fig. 22 is of universal application as it is not hmited to 
any particular type of motive power, having its own peculiar speed char- 
acteristics. Moreover, the values of 15 lb. and 150 lb. chosen for train 
resistance and braking effort respectively are conservative operating values 
obtaining in practice. 

76. As will be discussed later, the mailTTiuTn speed reached during 
the performance of a service run will be little mfluenced by the type 
of motive power and its curve characteristics. The values indicated in 
Fig. 22 will hold approximately true in service operation with series motors 
of either the a.c. or d.c. type, and hence, the curves given constitute a set 
of fundamental data by means of which it becomes possible to attack 
any acceleration problem and determine the several data required. 

SPEED-TIME CUBVES ; MOIOB CHABACTEBISTIC8. 

77. Electric motors used in railway seryloe are of the following 

types: j 

(1) Series wound d.c. motors, 

(2) Single-phase a.c. motors, 

(3) Three-phase a.c. induction motors. 

In addition vu che above, there have been several attempts at operating 
Aunt-wound d.c. motors, but as such motors have not come into even 
partial use, owing to the superior qualities of other types, the shunt-wound 
motor will not be discussed. 

78. The d.c. scries motor has the general characteristics shown in 
Fig. 23. 

Applying this motor characteristic to the performance of a car, 

it becomes necessary to reduce the motor voltage during the starting or 
accelerating period of the car in order to limit the tractive effort to a value 
that will not slip the driving wheels. In other words, if full voltage was 
to be applied to the motor at standstill, the resulting current would be 
enormous, would produce a torque that would slip the wheels, and would 
far exceed the safe commutating capacitj^ of the motor. Hence, the neces- 
sity of introducing external starting resistance in successive steps during 
acceleration, with the result that the starting current is maintained prac- 
tically constant at the full load rating of the motor. 

79. In Fig. 24 is shown a speed-time curve with a d.c. series motor. 

indicating a constant current input up to a speed of 28 miles per hr., beyond 
which speed the motor hao full voltage applied to its brushes, and 
hence, operates at a constantly decreasing current until full speed is reached, 
when current and tractive effort both become constant. 

80. The me ihod used to plot a speed-time curve from a motor 
characteristic may be either to take a small speed or time increment, 
and plot by the step-by-step method or by the more accurate method 
proi)osed by Mailloux in Proceedings American Institute of Electri^ 
^ngineen, June 1902. Where a large number of speed-time curves are 

815 
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Yia. SSv—Typinl d.c. motor perfc 



(75 hp., fiOO volts). 



Bl. As many uwelentioD problema involve curreg of rather ghort radii 
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Fra. 24.— Typical speed-t 
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Bl. Tha ft.e. larlai motan' 

''-^~^in^ toon that of the d.i 
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iiing durini; the ft<«alo™iidg 
period, reaulting in a les«r peak Load demand upon the diHtributioe Byat«m- 
ThUB. whUe eonManl rale of acceleration with d.c. motors may be esrried 
up to flO per i»nt. of the (ree runaing speed, this ratio may be reduced to 
40 per cent, with the a.c, motor. 
The wiaiHwinm ipeed &tt&lneil diuliiK ttia parfomiuios of ■ mrlo* 
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Fio. 25 — Tj-piial a.c, motor petform 



so (75 hp., 325 volta). 



wloped. During the aceelarating period 

Owing to its general unfitnera for rapid transit service with frequent 
stops, tlic induotioa motor is limited to long distance running as its legiti- 

H. Ttia nts of UnelettLtlan permlultile is determined lirsc by com' 
fort of passenj^re and second by the tractive effort avai]ab>. It hag been 
found experimentally that the discomfort to pasiwn^ers is o casioned lar^y 
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ELECTRIC TRACTION, Sec. 13.-85. 

gradually with no abrupt change. The following accelerating rates obtain 
in inacticai operation. 

85. Aooeleratins Batef. 

LocoMonyBS. 

Steam locomotives, freight service ltoO.2 miles per hr. per sec 

passenger' 0.2to0.6 " " " 

Electrio W " 0.3to0.6 :*. " ** 



a. 



Motor Cars. 

Electric motor cars interurban service 0.8 to 1 .3 miles per hr. per sec. 

•• city " 1.6 

rapid transit •• .. . .1.5 to 2.00 " '* ** ** 

Highest practical rate 2.00 to 2.5 



!• i« •« 



86. The above rates apply only to that part of the accelerating period 
during which the current is maintained practically constant by means of 
cutting out successive sections of the external starting resistance. The 
higher rates from 1.0 to 2.5 miles per hr. per sec. demand a gradual increase 
to those values in order to avoid the discomfort to passengers that would 
surely result from a sudden application or cessation of such rates. 

The ooeffloient of adhesion also determlnei the accelerating rate 

by limiting the available tractive efifort, thus giving rise to the values given 
above for locomotive practice. As the practice is common to run loco- 
motives very close to the limit of adhesion for full speed operation, it 
leaves but a small excess of tractive effort available to accelerate the train. 
High acceleration demands that all axles shall be equipped with motors, 
and if trains are run, that all cars must be motor cars, that is, no trailers 
are permissible when extreme accelerating rates are required to make the 
schedule desired. 

87. The limits reached in acceleration hold equally true in braking. As 
a matter of fact, acceleration may be at a higher rate than braklnc for 
two reasons: 

First. Discomfort to passengers is greater during braking of cross-seat 
cars, as the inertia of the passenger tends to carry him away from his seat 
and he lacks the supportmg back that prevents discomfort during rapid 
acceleration when his body is pressed backward. 

Second. In braking a train to standstill, it is necessary for the operator 
to stop within a distance of a few feet of a fixed spot, and the skill shown 
in judging speed and distance will determine the braking rate. During 
acceleration no such limit exists; the motorman has absolute freedom: 
in fact, it is becoming the custom to adopt a system of motor control that 
will permit of uniform or automatic acceleration, the rate being determined 
by the necessities of the service. 

88. The inertia of reyolying parti must be considered and the effect 
is to reduce the effective accelerating and braking rates. In other words, 
it is necessary to expend from 4 to 12 p>er cent more tractive effort during 
acceleration and braking in order to overcome the inertia of car wheels, 

{;ears and motor armatures, than is rcKquired to accelerate the car or train 
ongitudin«^ly on a level track. This inertia is usually considered as extra 
weight and is calculated as follows: 

The energy of a rotating body =» W-5-a«* 

r2 
= W-s-^ S2: 

R2 

Where a *- the speed of the center of gravity of the body in feet per sec 
S *- speed of train, 
r — radius of gyration, 
R « radius of rim, 

WrS 

or the effectiye weight =» . 

819 



Sec. 13.-89. ELECTRIC TRACTIOK. 

The ratio — has been found from a large number of tests to be approX- 
imately 0.6 for ordinary designs of car wheels. The ratio, — , for armature 

R2 

is approxim.ately 0.5. For geared motors it is important that allowance 
be made for the higher speed of the armature. 

Hence the effective weight of the armature 

dia. of arm. 

—0.5 ( Xgear ratio)^ X weight of armature. 

dia. of wheel 

Per Cent of Total Traotiye Effort Coxununed In Botating Parts. 

Electric locomotive and heavy freight train 5 per cent. 

** " " high si>eecr passenger trains 7 " 

" high speed motor cars 7 " 

Low speed motor cars 10 '* 

89. In figuring upon accelerating and braking problems for different 
classes of service, the above percentages should be added to the actual 
train weight to get the effecuve train weli^ht. The net tractive effort 
as determined by the gross tractive effort minus the train resistance 
can then be used in connection with the effective train weight to get the 
rate of acceleration as expressed in miles per hour per second. 

90. Schedule ipeed, expressed in miles per hour, denotes the average 
speed of a train including all stops, slow downs, etc., being the distance 
run in miles divided by the elapsed time in hours including time of stops 
enroute. The duration of stop varies approximately as follows for different 
classes of railway service. 

91. Duration of Servioe Stops. 

Through trains, steam 5 minutes 

Local " •' 2 

Interurban cars, electric 10 to 30 seconds 

City rapid transit trains, electric 10 seconds 

City surface cars, electric 7 *' 

The following; frequency of stops are characteristic of the different classes 
of railway service: 

92. Frequency of Stops in Service. 

Steam locomotive through service 1 stop in 100 miles. 

local " 1 stop in 20 miles. 

** " suburban " 1 stop per mile. 

Electric interurban express 1 stop m 10 miles. 

" *• local 1 stop in 2 miles. 

" suburban lto2 stops per mile. 

City elevated or rapid transit 2 to 3 stops per mile. 

City surface lines 5 to 10 stops per mile 



93. The relation obtaining between schedule and TnaTlmum speed 
with varying frequency of stops is expressed in Fig. 26, which indicates 
the schedule speed possible to make with trains having a free running speed 
of 30, 45, 60 and 75 miles per hr. respectively. 

Thus with a train geared for a free running speed of 60 miles per hr. 
it is possible to make a schedule of 45.5 miles p>er hr. with one stop in four 
miles, 37.5 miles per hr. with one stop in two miles, etc. 

For frequent stop service a low free running speed is desirable as it is 
easier on the equipment, calls for less motor capacity and less energy con- 
sumed in performing the service. Hence, use the lowest maximum 
speed that will giye the schedule desired. 

When using Fig. 26, it should be recognized that where stops are more 

frequent than one per mile, the rate of acceleration becomes a contiollins 

ikctor, and aa shown in the curve, when the iiequeucv oi atoya ayproachea 
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ELECTRIC TRACTlOlf. 



possible HctieduLa spead, recourae should tie he 
^termine tha advantagea of hicher rsteg at a. 
120 lb. gross which forms the b^e of Fig. 26. 



Sec. 13.-94. 

schedule Bpood. 



.J. In all cUsses of service, due recogiiitioa should be paid to tha eRMt 
Of ourrei ot such ibort rtLOll as to demand alowina down while roundinc 

_. — - — .t^ outer rill, hut a greater elcvalion than ai^t ioe^™ 

I which the tangeut l^Ads directly into the curve. 



Radius of Curvi 
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it three quarters oF ai 



De poBSJDie to reach the schedules given in Fig. 26. Ho general rule can 

1 odd conditions. There 'iH HUfficient leeway in the schedules given i'n"^ig. 
Za to allow for UrsEUlarltlgi of itopi, as there is iodudeil a period oF 
10 seconds coasting that may be cut out when a slop has exceeded the 

in meetiuc aiid passing trains on single track syst«m is not allowed for. 



1 13 inclusive) and 
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Sec. 13.-98. ELECTRIC TRACTION. 

98. Curves given in Figs. 9 to 13 inclusive express in pounds per ton 
the vain reilltance of dififerent weights and combinations of cars. As 
a ready means of changing from pounds per ton to watt-hours per ton-mile, 
the following holds approximately true: 

Pounds per ton x 2 = watt-hours per ton-mile. 

The above gives the watt-hours per ton-miles net output of the motive 
power, and to get train kilowatts input it is necessary to know the efficiency 
obtaining for different sizes of equipments as given by the manufacturers. 

99. smclenoy of Railway Motors. 

Capacity hp 30 40 60 80 100 125 150 200 250 *250 *500 

Max. Efficiency, per 

cent 83 84 86 87 88 88 89 89 89 91 93 

Efficiency Car, full 

speed, per cent 65 68 70 72 73 74 74 75 75 90 92 



• 



100. The maximum effioienoy of railway motort of the geared type 
occurs during maximum output and hence, the values quoted should be 
used for calculation of power required to accelerate a car or train. An 
exception to this rule may be taken in locomotive work, where it is custom- 
ary to force the motors to nearly their maximum rated output even after 
train has reached its normal maximum sp>eed. 

101. The efficiency when car is at full speed is g^enerally lower with 
motors of the geared type, owing largely to the losses in gears and also in 
the magnetic circuit of the motors themselves. This lower efficiency at 
higher speeds does not hold true of motors of the gearless type as indicated 
in Table 99. The advantage of using gearless motors for high speed pas- 
senger service is clearly indicated by the extremely high efficiency at lijiht 
outputs. On the other hand, such motors do not show up favorably with 
the geared typ>e for heavy freight haulaee as the efficiency falls off rapidly 
at the overloads characteristic of this class of service. 

102. To determine power required to profiel a oar or train at any 

constant speed, proceed as follows: 

FX2X WX S 

P = , in kw., 

ijX 1000 

wherein F is the train resistance (from Figs. 9 to 13 inclusive); W the 
weight of car or train in tons (2000 lb.); S the speed of train in miles per 
hour, and ij the motor efficiency with train at full speed. 

IDS. The following tablei have been computed fhowlng the kUowattf 
Input required for motor-car tralni , and also for high-ipeed pasienger 
and low-speed firelght train operation. These tables are based directly 
upon the train resistance values given in Figs. 9 to 13 inclusive, and repre- 
sent the kilowatts input that would be expected with well ballasted rail 
when trains are running at constant speed. 

104. Constants assumed in Table 106 are* efficiencv at full speed, 75 
per cent, based upon the use of d. c. geared motors; and 

Train resistance as obtained from formula 



50 .002 a Sa 
Ti active effort = + . 03 S H 



(-^'> 



Cross-sectional area of cars is as follows: — 20-ton car, cross-section, 00 
square feet; 30- ton car, cross section, 100 square feet; 40- ton car, cross- 
section, 110 square feet; 50- ton car, cross-section, 120 square feet* 60-ton 
car, cross-section, 120 square feet. 

»■ ■ * 

*Motora of gearless type. 
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Sec. 13.-105. 



UML Xtlowattf Input at Train Conitant Speed Eunninc on 
Tangent Level Track, (tee 10i)» 

MOTOR-CAR SERVICE. 



Bpeed in Mfles per 
Hour. 10 

Tnin Weight 

20tonoar 6.5 

30 " " 8.0 

40 •• •* 9.4 

60 •• •* 10.4 

60 V. " 11.5 

Train Weii^t 

2-20 ton can 0.3 

2-30 " ** 11.6 

2-40 " " 13.2 

2-60 i; ;; 14.8 

Train Weii^t 

8-20 ton can 11.4 

8-30 " " 14.0 

8-40 " " 16.3 

8-50 " " 18.4 

•f*'eO •■■■■•^UaX 

Train Weight 

5-20 ton ean 14.8 

5-30 " *• 18.3 

6-40 •• " 21.3 

5-60 JJ \\ 26.2 

«— 60 *« •• ■.•••.ol.o 



20 30 



40 



60 60 70 80 00 100 



Sinolb-Cab TBAiNa 

16.2 32.0 56.7 93.5 

19. a 38.4 67.3 109.0 167 

23.1 44.1 76.2 124.0 188 276 

25.6 49.2 84.8 137.0 210 305 430 684 

27.9 62.8 90.2 144.0 218 316 442 690 702 

Two43aE TBA.IK8 

22.4 42.5 72.5 116. 

27.4 61.4 87.0 137. 206 
31.6 59.0 99.3 156. 234 336 

35.5 66.3 111.0 175. 261 374 520 699 
38.8 71.7 119.0 185. 274 390 540 720 M6 



Thbes-Car TBA.m8 

27.2 50.9 84.1 136. 

33.3 61.8 103.0 162 240 
38.7 71.5 119.0 185. 271 391 

43.7 80.6 134.0 206. 308 437 602 805 
48.0 87.4 144.0 222. 326 460 635 025 1002 

Five-Car Trains 

35.3 65.4 109. 171. 
43.5 80.0 133. 205. 303 

60.8 93.2 154. 237. 348 493 

61.9 112.0 183. 279. 406 568 773 1026 
72.8 130.0 208. 312. 448 622 835 1100 1415 



lOe. xtlowattf Input at Train, Conitant Speed Sunning on 

Tangent Level Track. (See 107.) 

LOCOMOTIVE PASSENGER SERVICE 



40 60 60 70 80 90 100 



%)eed in Miles Per 
Hour. 10 20 30 

Groos Train Weight 

200ton8 17.5 41.2 75.8 

300 ** 26.1 60.5 108.0 

400 •• 32.0 79.0 139.0 

600 " 41.0 99.0 170.0 

600 " 60.0 118.0 203.0 

700 " 69.0 135.0 235.0 

800 " 69.0 154.0 267.0 

900 " 77.0 173.0 300.0 

1000 " 85.0 193.0 330.0 

107. Conitantf Aiaumed in Table 106 are: efficiency at full speed, 
00 percent, for locomotive using series d. c. motors of the gearless type; 
eross secticm of locomotive 120 square feet; cross section of cars 
110 square feet; weight of cars 60 tons, and track rail to weig^ not \«ei& 
lhaiiSOU».peryanL 

8Si 



124 196 


277 


398 


530 710 920 


172 258 


369 


611 


689 905 1160 


219 330 


462 


635 


840 1100 1405 


268 395 


563 


755 


995 1295 1645 


315 464 


645 


875 


1160 1489 1890 


363 530 


735 


996 


1305 1682 2132 


410 696 


828 


1117 


1460 1878 2375 


459 663 


920 


1238 


1615 2070 2620 


507 730 


1011 


1358 


1771 2261 2860 



Sec. 18.-108. ELECTRIC TRACTION. 

106. SUowattf Input at Train, Constant-iSpeed Suxmlns on 

Tangent Level Track Ciee 109). 

LOCOMOTIVE FREIGHT SERVICE 



Soeed in Miles Der Hour 


10 


20 


30 


40 


50 








Gross Train Weight, Tons. 
500 


46 


105 
205 
308 
405 
505 
605 


180 
350 
520 
688 
855 
1022 


284 

.')40 

795 

1050 

1305 

1560 


418 


1000 

1500 


... 91 
. . . 137 


773 
1130 


2000 

2500 

3000 


. . . 180 
. . . 225 
. . . 270 


1490 
1845 
2210 



109. Conitants Assumed in Table 108 are: efficiency at full speed, 
85 per cent for series d. c. motors of geared type; cross-section locomotive 
90 to 100 square feet; cross-section cars 90 square feet, and weight 
of cars 40 tons. 

110. The above values of power required to drive a car at any speed, 
apply only for constant 8p>eed on tangent level tracks. On up grades 
there is required an additional tractive effort of 20 lb. per ton for each 
one per cent grade (see 46). Hence, to calculate power required On 
grades, proceed as follows: 

The total train resistance is Fo «» F + Fg, in lb. per ton; wherein F is the 
train resistance in lb. per ton found from the curves, and Fg the tractive 
effort due to the grade (F^^ » per cent grade X20). Then the power in- 
put is 

2WFoS 

P — , in kw., 

1000 u 

wherein W is the weight in tons of the train; Fq the total train resistanee 
in lb. per ton; S the speed in miles per hr., and ij the efficiency of the 
motors. 

Example: Given a train of three 40-ton cars operating up a two per cent 
grade at 40 miles per hr., what kilowatt input is demanded by the motors ? 

Antwer: From Fig. 11. a three-car train requires a tractive effort of 
9 lb. per ton at 40 miles per hr. 

To this add for grade 2x20 — 40 lb. per ton. 
Tractive effort from Fig. !!»« 9 lb. 

Total tractive effort 49 lb. 

Train weight -» 3x40 » 120 tons. 

For motor efficiency use 80-hp. motors operating at a maximum effi- 
ciency of 87 per cent as the excessive output demanded by the grade will 
increase the load on motors to nearly full-load value. 

2 X 120 X 49 X 40 

Hence input = — 540 kilowatts. 

10J0X0.87 

111. The above power values are based upon the assumption that the 
train has reached full speed and the power values are those required to 
maintain the train at constant speed. During the time that the train is 
attaining full speed, however, it is necessary to impart to it the energy 
required to accelerate the mass in the direction of travel and also to 
accelerate the rotating parts around their several axes. 

m8^ 
Energy of acceleration >» - 
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BLECTSIC TRACTION. Sec. 13.-112. 

iriiareb u is the veJghl In poundi; « the valocity in ft. per ■eoond, aad 
the BiBvity sooiUnt (32.3 leet per leooiid per secoad). 

lis. Id addition lo the eDersy of accelerstion. it is aeceMSry durins Ih* 
anee, a quftntity c'onsiantly c^nging with inoreaiing Bpeed, and finally 

oontToT^The Btrsight line diagram lurniahes the aimpleet means of at- 
tackiiiK the ipMil-tliiie problem, and it also furnishes the fundamental 
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ELECTRIC TRACTION. 
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ELECTRIC TRACTION. SBC 1S.-117, 

AtfOT. AvEulable tractive effort - SOO.O00x.336x. 1 2 - SOOO lb. ■ 
lb. per ton. 
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Sec. 13.-120. 



ELECTRIC TRACTION. 



(1) Internal motor losses including loss in gears. 

(2) Losses incident to method of controL 

120. Intenial motor lostei consist of copper I^R in armature and 
field, hysteresis and eddy-current losses in the iron circuit, brush-friotion 
and I^R loss, bearing friction and gear losses. All these losses are in- 
cluded in the curves furnished by the manufacturers for normal 500 volts 
constant potential at the brushes, but no such values are readily available 
for fractional voltage operation during the accelerating period. 

It is customary to assume full load current of a railway motor during 
the straight line accelerating i>eriod and at standstill the I R drop in the 
motor copper will approximate 50 volts. It is necessary, therefore, to 
provide sufficient ftartillg reslftftnce in series with the motor to take up 
the remaining 450 volts or the difference between the line i>otential and 
the motor copper drop. This starting resistance is cut out in successive 
steps as the motor armature gains ^>eed and establishes its own counter 
electromotive force, until a period is reached^ when the starting resistance 
is entirely cut out and the full line e.m.f. is just sufficient to maintain 
full load current through the motor. This period completes the straight 
line acceleration, as after this point, the senes motor will still accelerate 
the train, but at a constantly decreased rate, until full constant speed is 
attained. It is evident then, that a large amount of power is consumed 
in the starting resistance and to reduce this excessive loss at starting, the 
method was introduced of connecting two motors in series during hau the 
period of straight line acceleration, thus reducing the amount of starting 
resistance reqmred. 

121. The feriei paralleling of d.c series motors is in universal operation 
where two or more motors constitute the car equipment. Where four 
motors constitute a locomotive equipment, the control is sometimes designed 
so as to start with four motors in series, change at quarter speed to two 
motors in series and two in parallel and finally change at half speed to all 
motors in parallel. Starting with four motors in series is a refinement in 
control giving such a small increase in economy as to not justify the added 
complication, hence it is reserved for locomotive work where a low running 
speed is desirable for shifting purposes. 

122. A current input curve is plotted for the three methods of control 
of d.c. railway motors in Fig. 30, the shaded portion indicating the energy 
lOf t in heating the f tarting reuf tancei and showing the economy gained 
by starting with motors in series. This economy is expressed numerically 
in Table (128). 

128. Effioienoy of Aooeieration D. C. Serieg Motors. 



Per cent of Straight 

Line Acceleration 

(see 124) 

100 

90 

80 

70 
60 
60 

40 
30 
20 

10 




Motors 
Parallel 
Per cent 

43 

46 

49 

52 
56 
58 

62 
65 
68 

72 
75 



Two Series 

Parallel 

Per cent 

56 

59 

62 

64 
67 
69 

71 

72.5 

73.5 

74.5 
75 



Four Series Two 

Series Parallel 

Per cent 

60.5 

62.5 

65.0 

67.0 
69.0 
71.0 

72.6 
73.5 
74.0 

74.5 
75.0 



124. The per cent of gtrai^ht line aooeieration is the percentage of 
time constant current is supplied to the total time current is supplied to 
the motors, and it thus becomes a measure of the shape of the speed-time 
curve. In typical rapid transit service, the constant accelerating period 
is from 25 per cent to 35 per cent of the total time power is supplied 
before coasting and braking begins. 

Hence, 100 per cent of straight line acceleration denotes the fact that 
the cutting out qI starting resistance has just been accomplished, while 
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ELECTRIC TRACTION. 

^n oant of Btnight Una nooclanitioii ia equivalra 
timin ia luanins free at full apeed at the fr«e ruuoiujE el 
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Teqmre appn 

iH approximately 73 per Fcnt [or geaj-e^l motnr 
1 73 per cent for BmsTler motors, The value of 






in Figa 28 and 20, that ie, the enersr curve values divided hy ,73 wilFgive 
Kn»9 train ioput watt-hnurA per ton-mile at the train, allowing for no Inuea 
la the diHtribution system. 

Example: Given a mile run made in 135 eeeonds, tractive effort of 110 
lb. per toD includinc 10 lb. train resistSDCe. find average input lor 100 Uin 

dmwer; From Fig, 28, energy conaumption net —38 w»tt-houra per ton 

mile. Input = — — = 52 watt-houra per ton-mile. 
.73 

TisJn makes I mile in 135 Nconda — I mite in 14Taecoads. mcluding 13 
■econde stop — 24.5 milea per hr. schedule apeeJ. 

Hence, tne power input is P - 52X 100 X 24.5 - 127 kw. 




I tMtween lotaadula ipeed and fieguenc? of itoin. 

to the proper schedule speed obtaining 

"hou" Ml.eJSe"witS*Btop"s* 07*12 

eit WHfl geared for higher maximum speed than 40 miles per hour, the 
suiting schedule speed would not be much in cxcesR of the 24 miles per 

greater. On the other hand, an equipment geared fur somewhat lower 
maxiiaum speed than 40 miles per hour could still make 24 miles per hour 






iS 



_.. ._ „.. — — ..., __,e ahoiild not be greatly exceeded u 

strong local reasons making such high rales necessary. 

:) Of jKihfliluIe ined Innludai llttl* or no iMwfty 



ta nuka up lor lott Ume, 

liabls to occur tl ' ■ ■ ■ 

should be taken for ths eiuivalenfni 



be classed in the nature ofadditional stops per 
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Sec. 13.-128. ELECTRIC TRACTION^ 

number of stops approximate one per mile, in which case a 24 mile per 
hour schedule with 40 miles per hour maximum speed of equipment would 
be a safer estimate of speea possible than the 32 and 45 miles per hour 
respectively given for one stop in two miles. In other words, keep the 
maximum speed of the equipment at the lowest value that will admit of 
maintaining the schedule desired with the frequency of stops given. Not 
only is there a saving in energy consumption resulting from the use of lowest 
possible maximum speed, but as will be shown later, there is also a large 
saving in the capacity of motor required to perform the service. 

128. Ttain Input in Kw., Frequent Stop Seryioe, Tangent Level 

Track. 

Stops per Mile 
1/8 1/41/21234567 

Sched ule soeed 

miles per hrT^' 50.0 40.0 32.0 24.0 18.5 15.5 13.7 12.5 11.7 11.0 

Tu&xuTium BD^fid 

miles per hrT^.' 65.0 55.0 45.0 40.0 30.0 25.0 23.0 21.0 20.0 19.0 
Stops, seconds. . . 30.0 20.0 15.0 12.0 10.0 9.0 8.0 7.0 ».0 6.0 
Eff. of accel., per 

cent 75.0 75.0 75.0 74.0 72.0 70.0 69.0 68.0 67.0 65.0 

Accel., miles per 

hr. per sec 8 .9 1.0 l.l 1.2 1.3 1.4 1.5 1.6 1.7 

The above data are common to all trains. 
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Single-Car Operation 
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Two-Car Trains 
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Three-Car Trains 
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280 200 164 140 127 117 115 113 111 110 
300 236 198 172 155 145 142 139 137 130 
342 263 219 191 175 167 163 160 168 157 

Five-Car Trains 

144 124 110 102 98 97 95 94 

238 196 171 154 145 142 139 137 136 

370 292 246 216 197 188 183 180 178 176 

438 350 302 270 250 236 228 226 222 220 

496 400 352 314 290 280 275 271 266 263 

129. The power values given above for single-car and train operation 
are based upon the train resistance obtaining with the different weights 
and combinations of cars, these train resistances agreeing with Figs. 9 to 13. 

While the values given in the table cover the entire field of rapid transit 
service from seven stops per mile to one stop in eight miles, it frequently 
happens that the relation between maximum and schedule speed nven 
cannot be approximated in actual service operation owing to peiculiar local 
requirements. Thus a suburban car operating at 40 miles per hour max- 
imum may be called upon to operate in city service at terminals or en route 
where the frequency of stops approximate six per mile, properly calling 
for a maximum speed of 20 miles per hour. The power consumption given 
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: ELECTRIC TRACTION. SeC. 13.-130. 

for six stops per mile would be greatly increased in the case of a hi^h speed 
suburban car operating on such service, even though series running wero 
adopted exclusively in the city service. Series running would then corre- 
spond to the efficiency of acceleration given in (123), for all motors in 
parallel, and would thus be ten per cent, or more lower than for series 
parallel operation; hence the figures for kilowatts input at train given in 
the table represent minimum values resulting from a proper proportion 
between the maximum free running speed of the equipment, the schedulo 
speed and the frequency of stops. 

ISO. For rates of acceleration other than those given in the table where 
the frequency of stops is greater than one per mile, any special case should 
be worked out from the general watt-hour-per-ton-nule curves (Figs. 28 
and 29). 

No figures are ^ven of power consumption with frequent stop service 
for electric locomotives, as it is assumed that the legitimate field of the 
locomotive is in express service having very infrequent stops, in which 
case the energy of acceleration forms but a small percentage of the total 
input to the train. 

181. The tlngle-phaie railway motor, being a series-type motor, can 
be operated by means of non-inductive external starting resistance as in 
the case of the d. c. series motor. Owing, however, to the facility of chang- 
ing a. c. potential by static transformers, a better method Of control is 
offered by means of sliif ting the motor terminals from tap to tap, brought 
out from the step-down transformer or compensator constituting part of the 
car equipment. The potential control thus made possible introduces no 
losses commensurate with the starting resistance losses of d. c. motor control, 
and is the most efficient form of control yet evolved for railway work. 

182. Owing to the fact that the characteristic of the a. c. motor is more 
sloping than even that of the d. c. series motor. Figs. 23 and 25, the period 
Of ftralsht line acceleration will be a lesser percentage of the total time 
power is supplied the car; that is, the motor-curve running will commence 
at a lower speed than in the case of d. c. motor operation, thus giving rise 
to a factor of 20 percent, as the percentage of straight line to the total 
acceleration period of a typical run. It is thus possible to use a value of 
72 percent, as the efficiency of acceleration of an a. c. motor eqiupment, 
despite the fact that the single-phase motor car has a free running emdenoy 
but slightly in excess of this. 

188. The value of 72 per cent, efficiency Of acceleration for the a. e. 
motor equipment includes all losses in the 8tei>-down transformer reouired, 
and hence the net energy values given in Figs. 28 and 29 when divided by 
•72 will give the total input at the car for such equipments. Owing to the 
fact that the single-phase motor is unsuited in itself for continuous rapid 
acceleration work, its efficiency of acceleration has no considerable operative 
value, a. c. equipments being used entirely upon roads calling for infrequent 
stops, that is, the semi-express service obtaining upon private right of way 
interurban line. When operating with frequent stops, such equipments 
run d. c and have the same efficiency as standard d. c. equipments. 

184. The free running efficiency of a. e. equipments may be taken 
at from 70 to 75 per cent, for equipments ranging m capacity from 50 to 
2(X) hp. per motor, hence giving to the a. c. equipment an all round efficiency 
of about 70 per cent, whether accelerating or running at constant speed, 
a performance closely approximating that of the d. c. motor equipment. 

185. The three-phase Induction motor is installed upon but a few 
roads, and these are of the interurban types. Being practically a syn- 
chronous motor, there being but a maximum of ten per cent, difference in 
speed between full load and running free, it follows the law of the d. c 
shunt motor at fractional speeds without having the advantage enjoyed by 
Ihe latter of variable field intensity. 

186. There are two methods of control of Induction motors available 

for railway service, variable voltage in the primary and variable non-in- 
ductive resistance in the secondary. Variable voltage introduces an 
exceedingly poor power factor during the starting or fractional speed 
period, and also entails a prohibitive I^ R loss in the secondary, if this be 
of the short-circuited type. Voltage variation is only \i9ftA Vw ^^aksa^ "^ — 
where the excessive si^e of the motor req.\uTQi3 \a no YA.'ndi^^^* 

^1 
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187. The most operative method of contrel consists in providing the 
rotor with collector rings, inserting non-indUOtiye resiftanoe to absorb 
the e.m.f. until the increasing rotor speed develops sufficient counter e.m.f. 
to make it possible to short-circuit the collector rings at approximately 
ten per cent, below synchronous speed. As there is little or no motor- 
curve acceleration, the resistance method ol starting results in a poor 
efficiency which may be partly offset by connecting znoton in tandem 
or concatenation. As the n>eed of the induction motor is fixed bv its 
frequency of supply and not by its impressed e.m.f. it is not possible to 
connect two such motors in senes in the d.c. acceptance of the term. It 
is possible however, to connect tne stator winding of motor No. 1 to the 
line , the rotor winding of motor No. 1 to the rotor winding of motor 
No. 2 and short-circuit the stator winding of motor No. 2 this constituting 
the concatenated method of connecting induction motors and corresponding 
in results to the series connection of d.c. series motors. With induction 
motors so connected, stability is obtained with half-sf>eed of the rotors and 
a concatenated set can be treated in all respects as a single induction motor 
having double the number of poles in its field. 

1S8. Concatenation is feasible only with motors of low frequency, 25 
cycles or less, owing to the low power factor incidental to such a combination. 
In general, however, concatenation is used with railway induction motors, 
not to effect a possible increase in the efficiency of acceleration, but to 
provide a second efficient nmning speed for the low speed requirements 
in terminal yards. ^ 

189 Efficiency of Acceleration Three-Phaie induction Moton 

(see 140). 

Per cent, straight 

line acceleration 100 90 80 70 60 50 40 30 20 10 
Efficiency per cent. 40 43 46 49 52 55 58 61 64 72 75 

140. The accelerating efficiency '^f an induction motor railway equip- 
ment is indicated in Table 139 for parallel operation only, concatenation 
not being considered. As straight line acceleration will constitute fully 
50 per cent, of the total period during which power is supplied in a tjrpictil 
rapid transit run, an induction motor equipment will have an efficiency 
of acceleration not to exceed 55 per cent. This represents the power 
efficiency and does not include the power factor which will approximate 
80 per cent, during acceleration with non-inductive resistance inserted in 
the secondarv circuit, thus making the apparent efficiency of acceleration 
approximately 44 per cent. 

Hence for acceleration problems involving a consideration of railway 
induction motors of the polyphase type, divide energy values given in 
Figs. 28 and 29 by .44 to get the volt-amperes input to the train at the 
train and not indtiding any trolley or distrioution losses. 

141. In service calling for frequent starting and stopping of trains, it is 

evident that the , constituting the energy loss in heating brake shoes and 

2 

wheels, forms a considerable percentage of the total energy input to the 
train. As the electric motor is reversible, that is, can absorb power and 
give out mechanical energy, or can give out electric power when mechanically 
driven as a generator, it seems feasible to expect that some means of con- 
trol ran be designed which will enable a train to be braked electrically with 
reduced wear and expense of brake shoes maintenance, besides returning 
to tne line a considerable percentage of the energy delivered to the train 
during acceleration. Also on roads having excessive continous grades, 
It IS desirable to return energy to the line partly for the economy thus 
effected, but largely to reduce the danger that goes with braking long 
heavy trams by means of brake shoes. 

142. The standard d.c. motor, being of the series type, cannot be used 
directly as a d.c. generator, but some modification of shunt winding or 
separate excitation of the series field at low potential must be used in order 
to enable the motor to act as generator when liraking the train. Of 
t'^etotal energy delivered to the train during a typical city run, nearly one- 
Uurd of the amount is wasted due to the inefficiency of the motor, gears, 

8^ 
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and method of control. Of the remaining two-thirds, fully 25 per oent 
18 required to overcome train resistance, leaving 50 per cent of the original 
train input as available for regenerative purposes. Owing to the oompli- 
cations required to brake a series d.c. motor equipment avauable for genera- 
tion, it would not be possible to effect the same efficiency of deceleration as 
the 70 to 75 per cent possible during acceleration. Furthermore, the 
capadty of a railway motor to do work is limited by its heating, and this 
heating^ is d^>endent upon the superficial area and weight of the motor, 
hence, if the motor is chosen with due regard for its safe temperature nse 
when used for accelerating the car, its thermal capacity must oe increased ' 
in due proportion to the amount of extra motor lot f entailed in electrically 
1)raklnc the car. This extra weight of equipment will in turn entail an 
additional expenditure of ener^ during accelerating period, so that the 
effect of brakng the train electrically with the same motive power used for 
acceleration, will be to considerably increase the duty of such motors, and 
hence, their weight and first cost. 

143. Assuming that an efficiency of 60 per cent could be obtained 
during retardation by electric braking, it would mean the possible saving 
of 30 per cent in the energy consumption of the car, provided the car 
weight were not increased due to the larger motor capacity demanded. 
It is not possible, however, to effect any such economy as the figure indic- 
cated, and from 15 to 20 per cent saving of gross input would more nearly 
represent the possibilities of regenerative control, on a class of service 
calling for very frequent stops. It is evident that where stops are infre- 
quent as in high speed interurban service, the effect of r^eneration would 
become negligible so far as economy of operation is concerned. 

144. Considering the question of regenerative control, it is necessary 
to consider the first cost of the equipment and increased cost of maintenance 
as offsetting advantages derived from a possible smaller energy consumption 
of the car. It is not too much to expect that the car equipment will be 
increased fully 50 per cent in weight and first cost if regenerative control 
be adopted, and the possible 15 to 20 per cent energy must be balanced 
against the interest on the additional first cost and cost of maintaining the 
equipment. 

145. As any system of regenerative control depends upon the counter 
e.m.f. of the revolving armature, it is evident that when approaching zero 
speed there will be no torque developed by the motor, and hence, regenera- 
tive braking must be used in connection with air brakes, with result- 
ant decreased saving in economy. 

For street car service, including interurban service, it can be said that 
there is small attraction in regenerative control, not because such control 
is not possible, but because the added complication and expense brings 
no adequate return in the cost of the energy saved. 

146. Regenerative control used in connection with locomotives for 
heavy passenger or freight service on mountain grade sections, offers many 
advantages far outweighing in importance the possibility of a small amount 
of energy saved. One ol the disadvantages attending the operation of 
long h^vy trains on mountain grades is tTke danger incurred in breaking 
the trains on the down grades. More accidents occur when trains are 
running down grade than when operating up grade, due to the fact that 
overheated brake shoes and car wheels mav cause a derailment, and also 
due to breaking apart of long trains when the brakes are released momen- 
tarily for the purpose of recharging the train pipe. On such classes of 
service, a r^enerative svstem of control offers safer means of holding trairs 
on down grades than exists with present air brake control, and its clairrs 
in this direction make it worthy of very careful consideration for this 
class of service. 

The three-phase induction motor is a perfectly reversible motor 
without^ entailing the addition of the aiixiliarv apparatus required with 
d.c. series motor, and r*»e«neration on down granes with the induction 
motor equipment is entir^b' prncti^a'^l** and constitutes one of the strong 
claims presented by this type of equipment for mountain grade service. 

RAILWAY MOTOR CAPACITY. 

147. The capacity of railway motors to do work cannot be measured 
by the same standards governing the rating ol m&Vff^ ^ >iicL^ ^\»:Cv^\:as?4 
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type. Conditions of operation demand that the motors shall conform to 
the requirements of a 4 ft. 8^ inch gauge track, and frequently a wheel base 
of not over 78 inches, and preferably less. The restricted space thus 
available makes it imperative that the weight and outside dimensions of 
railway motors shall be scaled to the lowest possible limit consistent with 
the average and momentary output demanded by service requirements. 
It is customary therefore, in railway motor design to force the density of the 
magnetic circuit far in excess of what is considered good i>ractice in the 
design of stationary motors. The effect of this high saturation of the iron 
circuit is to entail an iron hysteretic and eddy current loss of such a high 
value as to preclude the possibility, in many cases, of running the motor 
continuously at full voltage without overheating it due to the iron loss alone. 
It is evident therefore, that recourse must be had to methods of comparative 
rating of railway motors other than the usual continuous running at full 
voltage obtaining in the case of stationary motors. 

148. There are two f acton which determine the capacity of railway 
motorg to do work, namely: Commutation, and heating. 

During the accelerating period the current input demanded by a railway 
motor is always considerably in excess of the current afterwards required to 
run the car at full speed on level tangent track. The value of this current 
will depend upon the several conditions entering into the problem, weight of 
train, schedule speed, and frequency of stops, these factors determining the 
rate of acceleration and maximum speed required as previously outlined. 
A motor must be selected which can commutate the abnormal current 
required during the accelerating period without excessive sparking at the 
brushes. 

149. The commercial rating of a railway motor is the horsepower output 
it will deUver during a one hour run at rated potential at the brushes with a 
temperature rise of any part of the motor not exceeding 75 d^rees C. above 
the surrounding air taken at 25 d^rees C. Besides the commercial vidue 
of such a simple means of distinguishing motors of different capacity, the 
one hour rating has a further value of indicating approximately the maximum 
current which the motor should be called upon to commutate during the 
accelerating period. Thus, a motor having a commercial rating of 125 hp. 
with 208 amperes input at 500 volts, should be assigned to a class of work 
which will demand a current not much exceeding 208 amperes during the 
straight line portion of the accelerating or fractional speed-run period. 

Example: Given a mile run made in 120 seconds, tractive effort 100 lb. 
per ton, including 15 lb. per ton train resistance, find maximum current 
input during acceleration for 100 ton train. 

Annoer: From Fig. 22, a gross tractive effort of 100 lb. per ton calls 
for maximum speed of 46.5 miles per hour in order to complete run in 120 
seconds. Straight line acceleration is carried approximately 60 per cent, 
of maximum speeds 46.5 X.60 = 27.9 mile per hour. The energy per ton- 
mile = Fo X2, hence, -» 100 X2 = 200 watt-hours per ton-mile. This output 
is delivered at a maximum speed of 27.9 miles per hour, hence, power input 

200x100x27.9 

to the train =» = 656 kilowatts (see 110). 

0.85 

656 

Current = = 1312 amoeres total for train. 

500 

160. For doie calculationi it is necessary to plot the actual speed- 
time curves obtaining with any individual motor, but the above method of 
approximation is sufficiently accurate for a preliminary study. In dividing 
the total current input to the train by the number of motors, in order to get 
the current per motor it can be assumed that each motor will take its equal 
^hare of current at all speeds, provided the motors are of the same type and 
capacity, and have the same gear ratio. 

161. It is evident from working out a few examples, that high ratCf Of 
acceleration can be used only when low maximum speeds are possible ar.d 
that it will call for an abnormally large motor capacity if high rates of 
acceleratioQ are demanded in connection with high maximum spe^ua. 
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ELECTRIC TRACTION. Sec 13.-159. 

relation between the one-honroommercial capacity test-and service capacity 
of the railway motor. It is sufficient for purposes of approximation to 
rate a ^ven motor at the tons train weight per motor which can be hauled 
for a given maTimiim q>eed or gear ratio, taking say 60 degrees C rise as 
a basis. 

159. Owing to the fact that preliminary calculations do not start with 
any given motor as a basis, it becomes preferable to express the values 
given in curves similar to Fig. 34 in a more convenient form. Such values 
are given in the following tables expressing the relation between the 
TwairtTniiTn train speed when runmng free on tangent level track and 
the honeiKywer commereial ratine of railway motors reauired to limit 
the temperaturea rise to 60 de^^rees C above the surrounding air taJcen at 
25 degrees C. A temperature nse of 60 degrees C has been taken in order 
to ensure a reasonably long life to the motor insulation, a much higher 
temperature rise causing a too rapid deterioration. 

160. Honepower Motor Capaclt7 Beauired (161). Standard 600 

volt D.C. Moton (gee 16L) 

Singlb-Car Units. 



Max. speed 
miles per hr. 


Hp. required for gross weight of equipx)ed car including 

passengers, of 




20 tons 


30 tons 


40 tons 


50 tons 


60 tons 


30 


120 


155 


190 


225 


255 


35 


145 


190 


240 


280 


315 


40 


180 


230 


295 


345 


390 


45 


215 


275 


350 


405 


455 


50 


— 


320 


410 


475 


525 


55 


— 




465 


545 


600 


60 


— 




525 


620 


690 


65 


— 


— 


~^' 


710 


790 






Two-Cab Tbains 






Max. speed 


2-20 tons 


2-30 tons 


2-40 tons 


2-50 tons 


2-60 tons 


miles per hr. 












190 


255 


315 


375 


440 


35 


235 


310 . 


390 


470 


545 


40 


285 


375 


480 


570 


665 


45 


335 


445 


560 


670 


776 


50 


— 


520 


655 


785 


900 


55 


— 


— 


750 


900 


1030 


60 


— 


— 


850 


1010 


1160 


65 


— 


— 


— 


1140 


1320 






Thrbe-Car Trains 






Max. speed 


3-20 tons 


3-30 tons 


3-40 tons 


3-50 tons 


3-60 tons 


miles per hr. 






' 






255 


350 


435 


530 


625 


35 


310 


430 


540 


660 


770 


40 


370 


520 


650 


800 


920 


45 


440 


610 


770 


930 


1080 


50 


510 


700 


900 


1080 


1260 


55 


— 


800 


1030 


1240 


1430 


60 


— 


— - 


1160 


1430 


1620 


65 


— 


— 


1310 


1600 


1830 






Five-Car Trains 






Max. speed. 


5-20 tons 


5-30 tons 


5-40 tons 


5-50 tons 


5-60 tons 


miles per hr. 












30 


375 


510 


680 


840 


970 


35 


460 


640 


830 


1030 


1230 


40 


560 


770 


1010 


1230 


1470 


45 


670 


900 


1180 


1450 


1710 


50 


770 


1070 


1370 


1680 


2010 


55 


—m 


1240 


1570 


i^f^a 


*r»^ 


60 


— • 




1770 


^\Wi 


^Sftft 


66 


— 




2010 


^^sii;^ 


^»NS^ 
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161. These tablet of motor capacity (160) are baaed upon the temper* 
ature rise of 60 degrees C above surrounding air, assumed to be 25 degree! 
C. The horsepower capacity required conforms to the commercial rating <A 
railway motors, that is, the one-hour hp. rating which will occasion a tem- 
perature rise of 75 degrees C. above surrounding air, taken at 25 degrees C. 

162. The horie power capacity given for any train weight may be 
ipllt up into the required number of unltS. Thu£w a train competed 
of five torty-ton cars running at forty-five miles i>er hr. requires 1180 hp. 
motor capacity. This may be divided into six units of 200 hp. each, that 
is, three motor cars equipped with double 200 hp. motors hauling two 
trailers, or each car of the train may be a motor car and be equippea with 
a pair of 120 hp. motors. Approximately the same temperature rise will 
obtain in dither case. 

163. For ffingle-car operation a four-motor equipment is preferred for 
double truck cars, this being especially true where snow or heavy grades are 
characteristic of the service. For train operation, two-motor equipments 
are used, as the disabling of a single unit will not incapacitate the txain. 

The horsepower capacity specified above for train operation should be 
made use of only when cars are always operated in trains and never singly. 
For example, five forty-ton cars operatmg in a train at 60 miles per hr. 
require a motor capacity of 17/0 hp. or 354 hp. per car, a motor capacity 
too low for single car operation which demands 525 hp. Hence, whero 
cars are run indiscriminately, singly and in trains, the full motor capacity 
per car should be taken as given m the table of single car operation. 

164. The motor capacitief given in Table (160) are approximate 

only and are intendea as a guide in preliminary calculations. Whore 
accuracy is demanded, or where operating conditions are abnormal, it is 
necessary to plot speed-time-distance curves for the particidar motor charac- 
teristics ana conditions obtaining, from which the motor temperature 
should be calculated from a detail knowledge of the motor thermal cons 
The method is indicated previously in this description. 

166. Owing to the short period during which SinfTle-phase motors 
have been operated, their design has* not yet become standardized, nor is 
there sufficient operating data upon which to base anything more than 
general conclusions of the honepower required for a given service. 
The single-phase motor is essentutlly a high speed motor, having a 
high copper loss and low core loss, hence being more particularly adapted 
to constant speed running, and suffers in comparison with the d.c. series 
motor when used for acceleration work. There is no lack of starting torque 
with the a.c. motor, but a large tractive effort is obtained only at the expense 
of a large copper loss, so that a.c. motors are unsuitable for rapid transit 
service demanding repeated high rate of acceleration, not because such 
motors cannot furnish the tractive effort required, but because the copper 
loss incident to such high tractive efforts will heat the motors unduly if 
used exclusively for acceleration service. Thus the a.c. motor becomes 
much heavier than the d.c. motor on the basis of service performed with 
frequent stops. 

166. In interurban or express service with infrequent stops, the 

smaller core loss of the a.c. motor brings it more nearly on a i>ar with the 
d.c. series motor as regards output per pound weight of motor. It is 
possible therefore to use Table 160 as appl;y^ing to a.c. motor capacity 
where stops are not greater than one in two miles, but the table should not 
be used in connection with higher frequency of stops given, as then the 
resulting motor capacity indicated in the table must be lai^ely increased 
when applied to a.c. motors. 

167. Owing to the fact that the Chief advantage of the single-phase 

motor lies in its ability to utilize the benefits of a trolley potential consid- 
erably in excess of the standard 600 volts used with d.c. motors, questions 
of safety limit the field of operation of a.c. motors to interurban lines operat- 
ing over private right of way, a class of service where stops are infrequent. 
Hence, the a.c. motor should not be considered for any project calling 
for a frequency of stops much greater than one in two miles, partly on 
moGOunt of ths excessive motor capacity required, and also due to the fact 
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Sec. 13.-168. 



that such freQuent stop service can be considered from the d.c. motor stand- 
point with almost equal economy in the first cost of the complete system. 

168. Owing to the few applications of three-phase induction motors 
to railway conditions, no statementa can be made r^arding the capacity 
of such motors for service performed. The induction type of a.c. motor is 
not at all adapted for acceleration work, owing to the poor efficiency of the 
car equipment during fractional speed running. The field Of the three- 
ptiase indUCtton motor lies in the direction ofa service calling for constant 
etfort at constant speed, and the problems wherein this type of motive 
power can be considered are so special and infrequent as to place it entirely 
outside the lines of standard apparatus. 

169. LoeomotiTe operation demands a special treatment of the motor 
capacity subject, in most cases requiring such special knowledge of the motor 
construction as to prevent any general conclusions being drawn with the limi- 
ted data at hand. The locomotive motor is designed more along the lines 
of a stationary motor, that is, owing to the necessity of operating a locomotive 
close to the tractive limit, its motive power is runmng continuously at nearly 
its full load. With a locomotive working at 75 per cent or more of the sUpping 
point of the drivers, there is a possibility of out small overload and hence 
the motors may be designed with lower density, in fact like a stationary 
motor. With the absence of extreme overloads, the question of commuta- 
tion becomes secondary and the selection of a motor oecomes a matter of 
its ability to radiate the heat generated for the service specified. The 
whole question of motor capacity for locomotives is so intimately connected 
with mechanical problems of locomotive design, that it must be placed in 
the list of special problems requiring the careful co-operation of the manu- 
facturers. 

170. Forced ventilation is being resorted to especially in the case of 
the larger motors for locomotives, as owing to the limits imposed by standard 
gauge and allowable wheel base it often becomes extremely difficult to concen- 
trate tiie required motor power without exceeding safe temperature limits. 
As the size of locomotive motors is largely determined by their ability to 
radiate heat, the use of forced ventilation naturally follows as the next step 
in advance. 

171. Standard G.E. Railway Equipment (see 172). 

D.C. Type 



Trade 
Name 



hp. 



Weight Weight of motor Total weight 
No. of Type of of including gear of 

Motors Control Control and gear case Equipment 



GE-800 


25 


2 


K-10 


940 


1930 


4800 






4 


K-12 


1175 




8895 


GE-54 


25 


2 


K-10 


940 


1831 


4602 






4 


K-12 


1175 




8499 


GE-60 


25 


2 


K-10 


940 


1665 


4270 






4 


K-12 


1175 




7835 


GE-1000 


35 


2 


K-10 


940 


2200 


5340 






4 


K-28 


1350 




10150 


GE-78 


35 


2 


K-10 


940 


2560 


6060 






4 


K-28 


1350 




11590 


GE-58 


35 


2 


K-10 


940 


2150 


5240 






4 


K-28 


1350 


• 


9950 


GE-(i7 


40 


2 


K-10 


940 


2385 


5710 






4 


K-28 


1350 




10890 


GE-70 


40 


2 


K-10 


940 


2745 


6430 






4 


K-28 


1350 




12330 


GE-80 


40 


2 


K-10 


940 


2800 


6540 






4 


K-28 


1350 




12550 


GE-53 


45 


2 


K-11 


1015 


2755 


6525 






4 


K-14 


2250 




13270 


GE-57 


50 


2 


K-U 


1015 


2972 


6954 






4 


K-14 


2250 




14138 






4 


Mult. Unit 


2671 
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171. {Concluded,) 


■ 


Weight Weishtofmotor Total w^l 


Trade 




No. of Type of 


of 


including gear 


of 


name 


hp. 


motors control 


control 


and gear case 


equipmen 


GE-90 


50 


2 


K-U 


1015 


2875 


6765 






4 


K-14 


2250 




13750 






4 


Mult. Unit 


2671 




14171 


GE-87 


60 


2 


Mult. Unit 


1765 


3510 


8785 






4 


Mult. Unit 


2671 




16711 


GE-74 


65 


2 


Mult. Unit 


1922 


3534 


8990 






4 


Mult. Unit 


3052 




17188 


GE-73 


75 


2 


Mult. Unit 


1922 


4022 


9966 






4 


Mult. Unit 


3158 




19246 


GE.66 


125 


2 


Mult. Unit 


2715 


4375 


11465 






4 


Mult. Unit 


3749 




21249 


GE-55 


160 


2 


Mult. Unit 


3141 


5415 


13971 






4 


Mult. Unit 


5385 




27045 


GE-76 


160 


2 


Mult. Unit 


3141 


5152 


13445 






4 


Mult. Unit 


5385 




25993 


GE-69 


200 


2 


Mult. Unit 


3379 


6230 


15839 






4 


Mult. Unit 


5768 




30688 



ITS. In the list of standard motors (171) there !s included a numbc 
of motors that are superseded by later types, but owing to their widesprea 
use, data concerning them are included for comparison. For motors of fi 
hp. and above, the multiple-unit system of control is preferable, whi] 
for smaller motors the use of hand or multiple-control is optional dependin 
upon local requirements. 

178. Standard Westlnghouse Ballway Motors. 



Trade 
mune 



hp. 



Weight Weight of motor Total weigl 
No. of Type of of including gear of 

motors control control and gear case equipment 



12.A 


25 


2 


K-10 


940 


2200 


5500 




25 


4 


K-12 


1175 




10250 


69 


30 


2 


K-10 


940 


1950 


4900 




30 


4 


K-12 


1175 




9100 


49 


35 


2 


K-10 


940 


1925 


4900 




35 


4 


K-28 


1350 




9300 


92-A 


35 


2 


K-10 


940 


2265 


5600 




35 


4 


K-28 


1350 




10700 


88-B 


40 


2 


K-10 


940 


2250 


5950 




40 


4 


K-28 


1350 




12150 


68-C 


40 


2 


K-10 


940 


2280 


5700 




40 


4 


K-28 


1350 




10700 


101 


40 


2 


K-10 


940 


2645 


6430 




40 


4 


K-28 


1350 




12160 


101-C 


40 


2 


K-10 


940 


2730 


6600 




40 


4 


K-28 


1350 




12500 


39 


50 


2 


K-11 


1015 


2900 


7000 




50 


4 


K-14 


2250 




14200 


93-A 


50 


2 


K-11 


1015 


3355 


7910 




50 


4 


K-14 


2250 




16020 


56 


55 


2 


K-11 


1015 


3000 


7200 




55 


4 


K-14 


2250 




14600 


112 


65 


2 


Unit switch 


1125 


3400 


7925 




65 


4 


Unit switch 


2400 




16000 


76 


75 


2 


Unit switch 


1770 


3840 


9450 




75 


4 


Unit switch 


3640 




19000 


85 


75 


2 


Unit switch 


1770 


4500 


10780 




75 


4 


Unit switch 


3640 




21640 


121 


85 


2 


Unit switch 


1770 


4300 


10370 




85 


4 


Unit switch 


3640 




19400 


119 


125 


2 


Unit switch 


1770 


4600 


10900 




125 


4 


Unit switch 


3640 




21880 


113 


200 
SOO 


2 
4 


Unit switch 
Unit switch 




0700 


19100 
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RAILWAY MOTOB CONTBOL. 

174. There are two general types of control Uied With d.C. fsrlef 
railway motors, namely: Hancl control, and multiple unit control. 

The distinctive feature of Hand control is that the various electrical 
contacts are made and broken manually, the working parts being encased in 
a controller located in the vestibule of the car. The hand controller consists 
of an upright cylinder divided into contact segments which bear in succes- 
sion against stationary fingers and thus accomplish the necessary electric 
connections. 

176. EUuid controllers are divided into the following types: 

Type " K " controllers are of the series-parallel type and include the 
feature of shunting and short-circuiting one of the motors when changing 
from series to parallel connection. 

176. Type '* L " controllers are also of the series-parallel type, but 
completely open the power circuit in changing from series to parallel. Type 
" L controllers are used for motors of 50 hp. and above, and are largely 
superseded by multiple-unit controL 

177. Type " B " controllers are of the rheostatic type, and are designed 
to control one or more motors by means of resistance only. They make 
no provision for series-parallel connection and are therefore limited in 
their field of application. 

178. Type " B " controllers may be either of the senes-parallel or 
rheostatic type, but they always include the necessary contacts and connec- 
tions for operating electric brakes. 

179. The rated capacity of controllers is based upon the maximum 
horsej)ower of motors with which they can be used, the motors being 
rated in accordance with standard practice, that is, the output which can be 
obtained for one hour with a rise in temperature of the motor not exceeding 
75 degrees C. All controller ratings are based upon a nominal potentiu 
of 500 volts. If controllers are to be 
used on lower voltages the horsepower 
ratings will be proportionately less. 
While nominally designed for 500 volts, 
controllers may be used successfully at 
maximum potential not exceeding 600 
volts. 
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180. Standard Series-Parallel 
Controllers'*' 

rr-MM— Ti~- — - - ■ i~ — ^M-j 

Controlling 
Title Capacity points 

K-10 2-40 hp. Motors 5 Series 

4 Parallel 
K-11 2-60 hp. Motors 5 Series 

4 Parallel 
K-12 4-30 hp. Motors 5 Series 

4 ParaUel 
K-28 4-40 hp. Motors 6 Series 

5 Parallel 
K-14 4-60 hp. Motors 7 Series 

6 Parallel 

181. The object Of a series-panaiel controller is to effect series connec- 
tion of motors with full starting resistance in circuit, cut out starting resis- 
tance in successive steps until full line potential is across two motors in 
series, change from series to parallel connection of the motors with full 
starting resistance in circuit, cut out starting resistance in successive steps 
until motors finally operate in parallel with full line potential across their 
terminals, each motor being subjected to full line potential. 

182. In order to increase the reliability and efficiency of the present 

dnun tsrpe controllers when opening the main circuit on heavy overloads 
due to damaged motors or other causes, there has beavi dfcN^<a'^«^ ^ ^s.'cjcsjl- 

* For xaoton above 60 hp., multipWumt. qoivXxo\ \^ v^^'^^^^'^^^ 



FiQ. 35. — Diagram control. 



Sec. 13.-182. ELECTRIC TRACTION. 




ELECTRIC TRACTION. Sec. 13.-183. 

bination system of control, using standard electromagnetic contactors to 
open the circuit under the car ' 

The first controller to be fitted with this system was the K-28 which is 
rated at four 40-hp. 500 volt motors. With the use of contactors, resulting 
in the elimination of arcing in the controller on opening the main circuit, 
the wear of contacts is greatly reduced. It has thus been possible to 
increase the rating of the controller to four 50-hp. 500 volt motors, the limit- 
ing feature being the current carrying capacity of the different parts.^ As 
the contactors are placed in the main circuit between the controller and 
trolley, they prevent an arc from holding between the trolley finger and 
any grounded portion of the controller after the controller has been turned 
to its off position. 

188. The controller when fitted for operation with contactorf is 

known as the K-28F- or J. This controller is provided with an auxiliary 
contact device situated at the base of the mam cylinder. It consists of 
two contact fingers which are operated by a pivoted arm and a projection 
on the fibre disc at the bottom of the cylinder. The fingers are normally 
held open at the off position by the projection. On turning the controller 
cylinder, the main operating fingers make contact and then the projection 
on the disc disengages, allowing the auxiliary fingers to close. 

184. A magnetic blowout is provided in the device to extinguish the arc 
when the fingers open to the off position. One of these fingers is connected 
to the operating coils of two standard contactors operating in series, the 
other through a switch and fuse to trolley. The mam circuit after passing 
through a protective device, such as switch and fuse or circuit-breaker, 
connects to the contactors, then to the controller and thus to motors. 

186. A projection is also provided on the disc to open the contactors in 
passing from series to parallel. It will readily be seen that with this arrange- 
mentul heavy arcing occurs in the contactors and not in the controller. 

The two contactors, with resistance tubes which are placed in series 
with the operating coils, are mounted in a sheet iron box located under the 
ear. 

186. A further development of this system is in using the ooDtactors as 
circuit-breakers. This is accomplished by the use c€ an auxiliary circuit- 
breaker, known as the MU-3, the tripping coil c€ which is in the trolley 
circuit, and the contacts in the circmt feeding the contactor coils. This 
auxiliary circuit-breaker can bo set to trip at any predetermined current 
between certain limits. "When tne current reaches the predetermined point, 
the tripping coil pulls in the armature and opens the switch, thus breaking 
the contactor operating circuit and opening the contactors. Tba switch can 
also be tripped by throwing the handle to the off position. 

The auxiliary contact device is also manufactured for use with K-6, 
K-10, K-11, K-12 and K-14 controllers and can be readily attached to any 
of these controllers. 

187. The multiple-unit type of control was brought out pri- 
marily for the control of motor cars in a service requiring that cars be 
operated singly or several coupled together in a train and operated simul- 
taneously. When several cars are coupled together in a train, the train 
connections are so arranged that the motors on all of the motor cars may be 
controlled from either end of any motor car by a single operator, the cars 
being coupled in any desired relation and with either end of any car connected 
to any other car in the train. Although designed for train operation the 
multiple-unit type of control is used aunost universally for the control oi 
single-car equipments where the motors have a capacity of 50 hp. or greater, 
cwmg to excessive size and weight of hand type of control used with motors 
of large capacity 

188. Train-control systemf consist in general of two parts, the first 
consisting of a series-parallel motor controller composed of a number ot 
switches or circuit-breakers, sometimes called contactors, whose function is 
to effect the different electrical c9mbinations of the motors and regulate 
the starting resistance in circuit with them. There is also a reverse switch 
for the motors called a reverser, which is actuated by the same means used 
to operate the circuit-breakers or contactors. The second part cotccc^tv^m^ 
master controllers which operate the motor cotvVtcJ^tv^ <iQ,TA»si\.'OT^ *^**^ 
tty^mrM (}uvu«b the wecUuw of train wirea eJ;\«u^\^^^:wQ^MjsvQ^iS.^Sx^>»^ 



Sec 13.-189. ELECTRIC TRACTION. 

of train so operated. A single operator is able to simultaneously effect 
similar combinations upon the several motor cars composing the train thus 
giving to the train the same advantages of large tractive effort and rapid 
acceleration obtaining in single-Ksar operation. 

189. The two systems of multiple-unit train control in operation differ 
in the means employed to actuate the contactors and reversers, the General 
Electric contactor being operated electrically by the line current, wiiile in 
the Westinghouse train control system the contactor is closed and opened 
by compressed air, the necessary valves being actuated electriccdly by the 
master controller through a train cable using storage battery current. Each 
system aims to produce the same result, that is, duplicate the performance of 
a car operated smgly, but they differ in the means adopted to secure tnis end. 

190. There are two general typef Of multiple-unit control marketed 
1)7 the (General Electric Company, namely: The multiple-unit coat/oi 
proper, and the multiple-unit control used in connection with automatic 
acceleration as effected by current limiting relays and interlocking switches 
on the contactors. 

191. The multiple-unit system of control with manual controlled 
acceicration is in general use both for train a.id single car operation. 
It is in effect the same as the hand-operated cylinder type of control exsept 
that instead of combining all the various circuit-breaking contacts upon a 
single cylinder operated by hand, it divides each contact into a separate 
circuit-breaker or contactor, and actuates these electrically through train 
wires by means of a small master controller. 

The motor-control therefore, comprises those parts which handle motor 
current, all of these parts being electrically operated a.iJ located under- 
neath the car. 

192. The master control comprises those parts which handle the control 
current for operating the motor-control apparatus, the master controller 
being operated by hand and located in the vestioule at eitlier end of the 
car. Tne motor-control is local to each car and current for this circuit is taken 
directly from the trolley or third rail through the circuit-breakers or contac- 
tors, starting resistance and reverser to the motors and thence to the ground. 
Where it is necessary to operate with a gap in a third rail system it is some- 
times customary to install a train line ho that any car may supply the 
motor current for the other cars in the train. 

193. The master control consists of train wires made continuous through- 
out the train by means of couplers between cars. Oa each car the operating 
coils of the motor-control are connected to this train line through a cutout 
switch, these train wires being energized in proper sequence by the hand 
operated master controller on the platform. Current for tne master 
control is taken directly from the trolley or third rail, through whichever 
master controller is bein^ operated by the motorman, to the train line and 
thus to the operating coils of the contactors forming the motor-control on 
all cars in the train. 

194. The master controller is similar in design to the original cylinder 
controller in that it co.itains a raovaole cylinder and stationary contact 
fingers are used to supply current in proper sequence to the different wires 
of the train line for energizing the operating coils of the motor-control. The 
value oi current required is very small, not exceeding 2.6 amperes for 
each car in the train. The master controller is provided with two handles, 
one for operating and one for reversing tlie direction of the train moven.ent. 

196. The operating handle is provided with a button which must be 
kept down except .vhen the handle of t!;e controller is in the off position, as 
releasing thisj button permits an auxiliary circuit to open, cutting off the 
supply of current in the master controller and thus de-energizing the train 
line and opening up the motor-control apparatus. This button is intended 
to serve as a safety appliance in case of physical failure of the motorman. 

196. The zeverser handle is connected to a separate cylinder which 
establishes control connections for throwing the electrically operated 
reverser either forward or reverse position when the master-ccntroUer handle 
is on the first or off point. The operating circuit for the reverser is so 
interlocked that unless the reverser itself corresponds to the direction of the 
movement indicated by the reverser handle of the master controller, the 
Ifne coDtACtors on that car cannot be energizod. 
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197. The contactor is a switch operated by solenoid coils, and each 
contactor may be considered as the equivalent of a finger and its corres- 
ponding cylinder segment in the hand-operated " K " type controller. It 
consists of an iron magnet frame with an operating coil and two main con- 
tacts, one fixed and the other directly connected to the movable finger. 
These main contacts open and close in a moulded insulation arc chute 
provided with a powerful magnetic blowout. Interlocks are provided for 
making the necessary connections in control circuits to ensure proper se- 
quence in operating the different contactors. 

All of the contactors are mounted in a box placed on a wooden insulating 
support beneath the car, this box being provided with a sheet iron cover 
lined with insulating materiaL 
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Fig. 38. — General scheme S. G. E. automatic control. 



198. The reyerser is a switch, the movable part of which is a rocker arm 
operated by two electromagnets working in opposition. The coils receive 
their energy from the master controller through the train line, and the 
connections are such that onlv one coil can be operated at a time. Leads 
from the motors are connected to the main reverser fingers and by means of 
copper bars on the rocker arm, the proper relations of armature^ and field 
windings are established for obtaining forward or backward motion of the 



199. Couplert between ears are so designed as to give a corresponding 
connection of train wires, this being secured b^ means of proper mechanical 

design of plug and sockets aa shown, it l^euns inpoMibto to ixnproperll 



ELECTRIC TRACTION. SCC. 13.-200. 

In changing from series to parallel connection of the motors with the 
** K "-controller, one motor is shunted during the operation, but with the 
train control the so-called ** bridge " method of connection is used. 

By this connection the circuit through the motors is not opened during 
the transition from series to parallel and substantially the torque of both 
motors is preserved at all times from the series to the full parallel 
connection. 

200. Sprague General Electric automatic multiple-unit control provides 
for the aooeleratlon of the train at a predetermined current in the motor, 
this feature being provided without preventing the manual operation of the 
master controller at less than the predetermined current if desired. 

The operation of the contactors is controlled from the master controller, 
but governed by a notching or current limit relay in the motor circuit, so 
that the accelerating current of the motors is substantially constant. 

This is accomplished by having small auxiliary interlocking switches on 
certain of the contactors, the movement of each connecting the operating 
ooil of the succeeding contactor to the control circuit. The contactors are 
energised under all conditions in a definite succession, starting with the 
motors in series with all resistance in circuit; the resistance cut out step by 
step; the motors then connected in parallel with all resistance in, and 
the resistance again cut out step by step. The progression can be arrested 
at any point, however, by the master controller and is never beyond the 
point indicated thereby. The rate of the orogression is governed by the 
eurrent limit relay so that the advance is not made faster than will keep 
the current in the motors within the prescribed limit. 

801. One of these relays is provided with each car equipment so that 
while the contactors on each car of a train are controlled from the master 
controller in use for the application and removal of power, the rate of 
progression through the successive steps is limited by the relay on each car 
mdependently, according to the adjustment and current requirements of 
that particular car. 

803. Another automatic protection for individual cars is provided by a 
second or potential relay having its coil connected to the lead from th* 
collecting shoes of the respective car and its contacts so connected in the 
contactor circuits that in case of failure of power to any car, such as would be 
caused by passing over a dead section of rail, this relay is de-energized and 
causes the control circuits on that car to be thrown back to series position 
with resistance in, and when power is restored the control progresses step 
by step to its former advanced position. This prevents any surging or 
overloading in such contingencies. 

803. There are five olroulti leading from the matter controller and 
five corresponding train wires. The five circuits comprise one for forward 
direction, one for reverse, one each for series and parallel, and the fifth for 
controlling the acceleration. 

804. When the master controller is moved to its first forward point. 
the No. 4 direction wire is energized which throws the reverser to its forwara 
position, if it is not already so thrown. 

The reverier is electrically interlocked so that it cannot be thrown 
when the motors are taking current. 

The operating current is so arranged that unless the reverser is thrown 
for the direction of car movement indicated by the master-controller handle, 
the contactors and motors on that particular car are inoperative. 

When the reverser has moved to the proper position, connections are made 
by it from the direction wire through the forward reverser operating coil 
and the coils of the contactors which control the main or trolley leads to the 
motors. t 

806. At the same time the series-contactor is energized by means ot a 
second train wire and the circuit through the motors in series is completed 
with all resistance in circuit, giving a slow speed forward. In this position 
no further action is produced. When the master controller is moved to 
its second forward position, circuit is completed through the accelerating 
wire (No. 1), in addition to the above circuits which energizes the Qow\Aft.\»t. 
shunting the first resistance step, and curreut &.\«o v«^tta!^N2dgc^>)l^>ii(M^^si^ 
win om Mid (|)« Qpotfkots o| ^9 curreul ^x&ix. i«^».^ x 
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^ S06w The plunger in this relay has a lost motion, so that an appreciable 
time is required to move it, and this time is made the same as that required 
by the contactor in closing its contact. These two devices thus operate 
simultaneously. The contactor being lifted, shifts its operating coil by 
means of the interlocking switches into the circuit tnrough the series contac- 
tor above nientioned, which maintains it in the closed position independent 
of the circuit that has lifted it. At the same time the relay has opened the 
lifting or actuating circuit. 

207. The shunting of the resistance step by the contactor causes an 
increased current to flow through the motor circuit and through the heavy 
coil^ of the relay, which is sufficient to hold the relay plunger in itj; raised 
position and so keep the actuating circuit open until the motors, by speeding 
up, cause the current to diminish enough to allow the relay plunger to drop 
and again close the accelerating circuit. Circuit is now established through 
the contactors shunting the second resistance step, and these contactors are 
energized and the relay again lifted and held up by the increased current 
and so on until all the resistance is cut out. 

208. When the master controller is moved to the third position the 
parallel circuit is established, the bridge-contactor and then the pan^lel 
contactors closed and the motors connected in the multiple arrangement. 
When the master controller is moved to its fourth or fuU-on position* 
the resistance is cut out step by step as in series. 

209. These same successive actions are produced if the master controller 
is thrown to the fUll-on position directiy, a^ the interlocking contacts 
prevent an advance circuit being established before the proper preliminary 
action has taken place. 

210. If at any point during the acceleration, the master controller is 
moved to its lap position, the existing position of the contactors is main- 
tained, but the further progression is arrested so that the motorman can 
limit the acceleration to as slow a rate as desired, but he cannot exceed the 
predetermined rate for which the relay is adjusted. 

211. A control cut-out switch is provided in each car so that in an 
emergency the ojperating coils of the contactors, reverser and circuit- 
breaker on a particular car may be disconnected from the control circuit. 

It is necessary to positively energize two distinct train wires in order 
to operate the contactors required for starting the motors. 

Three separate contactors with their main contacts in series are used for 
completing and breaking each motor unit. 

Several small fuses are provided in the control circuit for effectively 
protecting the control apparatus. 

Should the train hreak in two, the control current is automatically 
and^ instantly cut off from the detached rear portion without effecting the 
ability of the motorman to control the front part of the train. « 

212. The Westinghouse multiple-unit control is similar in many 
respects to the train-control system brought out by the General Electric 
Company, but differs in the means used tx> actuate the separate switches 
or contactors. While the General Electric Company electrically operate 
the switches energized from the trolley or third rail, the unit switches of 
the Westinghouse control are actuated by means of compressed air obtained 
from the air-brake reservoirs and the needle valves controlling the admission 
of air to the switches are in turn actuated by means of storage-battery current 
controlled through train wires and master controller. The two systems are 
therefore, similar in principle as regards the master controller, train line 
and contactors, but differ in the source of power used to energize the train 
wires and actuate the contactors. 

213. The Westinghouse multiple-unit system of control is divided into 
two parts, the first or motor-control system consisting of a group of 
unit switches,^ a reverser switch and a set of starting resistances by 
means of which the various motor and starting resistance combinations 
are effected. 

The second part or auxiliary control system comprises a set of train 
wires, a storage battery, electrically operated valves operating the pneumatic 
unit switch, a master controller and auxiUarv \>ToV%^\ATi.t ^«^vs»»^ ''\>a» 
scheme of operation consistB of the ioWo^nxMj^ ptQi^«!eiSi»a\ 
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tilting a safety device to take care of possible physical failure of the motor- 
man. 

816. The first notch is a coasting position of the controller, as this 
position opens ail motor switches but does not apply the air brakes. 

The leoond notch or switchini; position establishes connection with the 
train line so that the reversing switch is thrown to the proper position, the 
main line switch closes and the unit-switch group closes tne circuit of the 
motors in series with all resistance in. 

The third notch or full series position of the master controller handle 
introduces the current limit relay which permits the progressive picking up 
of the several unit switches as the current falls below a predetermined value. 
With the controller handle upon the third notch no further progression is 
made after the current relay has permitted the closing of the proper unit 
switches to effect full series connection of the motors with starting resistance 
entirely cut out. 

The fourth notch on the master controller corresponds to 'multiple 
connection and advancing to this point establishes multiple connection of 
the motors and again brings the current relay into activity, permitting the 
progressive cutting out of multiple-starting resistance until full multiple 
operation with full line voltage upon the motors is attained. 

^ Moving the master controller handle to similar notches uponfthe opposite 
side of the center notch will effect the same combinations, but witli the 
train operating in the reverse direction. 

216. The office of the master controller is simply to conduct the 
storage-battery current through the proper train wires to the electrically 
operated valves actuating the pneumatic unit switches. No current other 
than the battery current is in the master-controller circuit; hence, these 
parts are insulated only for 14 volts. 

Should the line switch be opened or should the current be eat off from 

the line for any reason, the plunger of the b'ne relay magnet drops, the 

battery circuit is opened, and all the unit switches are ox>ened. This 

. arrangement prevents the motors being held across the line subject to 

> damage should the line current be suddenly resumed after the train has 

lost its q;>eed. 

217. The master controller has nine notches, the center notch beinie 
the off or braking position, opening all unit switches and applying the air 
brakes. No. 1 notch is coasting position; No. 2 notch series connection or 
motors with resistance in; No. 3 notch full series, and No. 4 notch full 
multiple; these figures applying to the four notches on either side of the 
central position, they bein^ similar in the combinations effected, except 
that the motion of the car is reversed for similar positions on either side of 
the central notch. Owing to the low voltage of the battery current and the 
small number of points required, the master controller is very small and 
compact. 

218. The unit switches are placed in a group, being assembled on a 
common frame and placed in a box beneath the car. The unit switch 
consists of a powerful circuit-breaker having a fixed and movable contact 
and provided with a magnetic blowout, the movable finger being actuated 
by an air cylinder energized from the brake reservoir and controlled by a 
magnet valve connected electrically to the train wire system. The switch 
finger is normally held open by a powerful spring which is compressed on 
closing the switch by reason of the greater power of the compressed air at 
70 pounds pressure or more. The high pressure used inclosing the switch 
is also made use of to reduce the resistance, hence reducing the heating and 
size of the switch contacts. 

219. The reverse switch consists of an insulated block carrying two 
sets of metal strips arranged to make contact with stationary fingers when 
operated forward and backward by a pair of pneumatically operated pistons 
actuated through electrically operated valves by the auxiliary or master 
controller. No magnetic blowout is required as the reverser does not 
operate when carrying current. This switch is enclosed in a sheet iron box 
placed beneath the car fioor. 

220. The series limltine switch regulates the feedlxvvL ^^ ^<^ 5S(sc^Qt^^5st. 
It ooBiiets of a magnet coiTin which operatea gb yVumigt \«r^^Y>T>^w^^T>^^^a&>'^^a^^ 
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which makes contact with the storage-battery circuit whenever the currfent 
falls below a predetermined amount. This switch used in connection wilh 
interlock switches, forming part of the auxiliary control system, permits 
the progressive cutting out of starting resistance. 

221. Interlock switches consist of spring-contact fingers sliding on 
segments electrically connected tc the magnet valve in such a manner that tne 
closing of one energizes the valve magnet of the switch next succeeding, 
thus producinjg an automatic progressive action providing for uniform 
acceleration with practically constant motor current. 

222. The line relay consists of a coil connected across between the 
main motor-control circuit and the ground. When the line switch closes 
l^nd there is current on the motors, the coil of the Une relay is energized, 
lifts the plunger and causes the disc to close the circuit between the contacts. 
These contacts are directly in series with the battery circuit of the switch 
group, and hence, if the motor current fails for any cause, this auxiliary 
contact is opened, thus opening the battery circuit to the unit switches 
and throwing the control to the off position. This line relay constitutes a 
safety device that will prevent re-establishing of the current after the 
motors have lost their speed. 

223. The motor cut-out switch does not open the motor circuit direct, 
but consists of a hand-operated segmental drum engaging a number of 
contact fingers which are directly connected with the auxiliary control 
system. When this control-circuit switch is in the oflf position none of the 
fingers makes contact, making the control equipment inoperative. There 
are three other p>ositions, two both in, three No. 1 out, four No. 2 out for a two- 
motor equipment, and the desjre'l motor connections are effected with the 
cut-out switch handle in the corresponding position. 

ALTERNATING-CXTBBENT MOTO^t-CONTItOL. 

224. The single-phase motor is essentially the same in its characteristics 
as the d.c. series-motor, and can be started at low voltage by means of 
inserting series resistance according to the d.c. standard method. With 
alternating current supply, however, it is possible to obtain fractional 
voltage without sacrificing eflSciency, as the step-down transformer forming 
part of the a.c. car equipment can be constructed with taps so that it will 
furnish fractional voltage without the necessity of introducing artificial 
starting resistance. The universal method of starting single-phase motors 
is, therefore, by the so-called tap potential control and tlie function of the 
control, whether it be hand-operated " K " type or multiple unit, is to 
successively connect the motor terminals to transformer taps of increasing 
potential while starting. 

225. The General Electric Company markets 
both the hand-operated cylinder control and 
the multiple-unit control for use with a.c. 
motors. The hand-operatad control is 
identical with the type " K " controller used 
with d.c. motors, except that advantage is 
taken of the fact that a.c. arcs of considerable 
size can be broken in the air without the aid 
of the magnetic blowout. Where the cars are 
to be operated from both a.c. and d.c. trollay 
with the same equipment, the hand-operated 
control is provided with magnetic blowout for 
d.c. running using the same controller without 
the magnetic blowout for a.c. running, unless 
the motor equipment be of large capacity. 

226. The single-phase motor differs from the 

d.c. series motor in having two fislds, the series or energizing fioM and the 
COmpensatini^ field, the office of the latter being to compensate for or 
neutralize the inductance of the armature produced by the alternating 
current therein. 

227. The COtnpenS'ltln? field winding may be^either short-circuited 
upon itself or preferably connected in series with theamature, tlius m.'\I:ing 
the current the same m both armature and compensating field windings. 

By euoh ad oiraDgement the compensatioa caa be carried to the extent 
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ELECTRIC TRACTION. Sec. 13.-228, 

of raising the power factor of a single-phase motor to values closely approx- 
imating 100 per cent., and having an operating value above 95 per cent. 
The compensating field winding is distributed in several slots in the pole 
tace of the laminated field magnet structure, being in ail respects similar to the 
winding of an induction motor. As the conipensating winding is either 
short-circuited or else connected permanently in series with the armature, 
it is not necessary to Qonaider it as a factor m the motor-control. 

228. The seriefr-field winding of the single-phase compensated motor 
is connected in series with the armature, and the direction of rotation of the 
latter can be reversed by reversing the field winding connections similar tod.c. 
operation. The series-field winding may be distributed in a number of 
slots in the field magnet structure similar to the compensating field winding, 
or it ma>r take the form of a concentrated winding in which case it is similar 
to the winding of a d.c. series motor embracing mwardly projecting poles. 
The concentrated field winding is largely used in a.c. motors of the series 
type, while the distributed field winding is required for motors of the repul- 
sion or similar types. As the series-compensated motor \» Uiiiversally used in 
this country, and the repulsion and similar types are limited to special 
cases demanding special characteristics of the motive power, the series type 
motor alone will be considered. 

229. The control of single-phase motors consists therefore, in 
collecting the motor terminals to transformer taps of increasing potential 
in order to vary the speed, while reversal is effected by reversing the series 
fi^d winding connections, thus calling for practically the same combinations 
as demanded in d.c. series motor control. Owing to the fact that a.c. 
series motors are wound for potentials of approximately 225 volts per 
motor, and that such motors in order to meet the exactions of commencal 
operation must also be adapted to run with 600 volt d.c. current, it requires 
some additional features in control to perform this double service of a.c. 
and d.c. control. 

230. The General Electric a.c. motor-control when used in connection 
with a.c. running only, needs no special mention other than the above, as 
it follows very closely along standard d.c. lines. When both a.c. and d.c. 
running are to be accomplished with the same control it is necessary to 
effect the following clianges when changing from a.c. to d.c. and vice versa. 

Change main line fuses or circuit-breakers. 

Change lightning arresters. 

Change motor field winding connections. 

Change transformer taps to resistance taps. 

Incidental changes in car wiring connections. 

To effect these changes with a minimum amount of delay, all the necessary 
contacts are concentrated upon one cylinder in an auxiliary controller, 
so that a single movement will effect all changes simultaneously. 

231. The commutating switch is designed to make all necessary change, 
and resembles in appearance and size a K-28 controller. It comprises a 
cylinder carrying contacts against which press stationary fingers connected 
to the several circuits. 

232. The master controller is entirely similar to the d.c. master con- 
troller and needs no comments. Its office is to energize the train wires in 
proper sequence, and current of proper potential is obtained from trans- 
former taps. 

The contactor is similar to the d.c. contactor, except that it is designed 
for operation on both a.c. and d.c, and therefore, has its magnetic parts 
laminated. These contactors ox)nnect the motors with transformer taps 
or with starting resistance grids, depending upon the character of the 
supply current. 

233. The compensator or single-coil step-down transformer is wound 
for 3000, 6000 or 10,000 volts trolley potential. Upon its grounded side 
there are several taps brought out to facilitate starting, and it is customary 
to connect two motors in series when operating a.c. in order to approximate 
500 volts input and thus reduce the size of the contact surface required in 
contactors. The compensator is encased in a corrugated iron case contains 
ing oU and is self -cooled. 
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tnth high voltage parts. The ordinary trolley wheel can be used for 3300 
volts if it is mounted upon especially insulated base, but the use of trolley 
pole and cord is objectionable for high potentials and such trolleys are pneil* 
matically operated. 

236. In ohanglns from a.o. to d.o. trolley and vice versa, it is neoenaiT 

to guard against the possibility of wrong connections upon the car for the 
current received, that is, to prevent disaster should connections be made 
for 600 volts d.c. operation and accidental contact be made with 6000 
volts a.c. trollej^. To ^uard against this, the main switch of the d.o., a.Q. 
car equipment is provided with a retaining coil so designed that it wiU 
open when the motor current is interrupted. Where a.c. and d.o. trolley 
sections adjoin, a dead section is left between the two for a length nc^ 
exceeding a car length, so that a car may pass from one section to the 
other at full speed, m which case the main car switch opens on the dead 
section through lack of power to operate the retaining coil, and will reeet 
automatical!}^ for a.c. or d.c operation as the case may be, after leaving 
the dead section. 

237. The Westlnghouse ft.O. motor-eontrol is very mmilar to the d.e. 
unit-switch control except that the magnetic structure on the unit switches 
must be laminated, ana the introduction of a commutating switch is re- 
quired as described above to effect necessary changes in circuit connections 
tor a.c. or d.c. operation. 

All circuit connections for the unit-switch control are practically the 
flame throughout for both d.c and a.c. operation. 

Separate trollesrs are used for a.c. and d.c. operation, and high-potential 
wires are enclosed in metal tubing thoroughly grounded in order to ensure 



ifrvi/ey 



safety to operator and passengers. 

238. When i)assing from one compensator tap 
to the next it is evident that any metal contact 
bridging the gap between the two will cause a 
short circuit in the active transformer winding, 
and hence, the Westinghouse a.c. control is so 
constructed that it introduces an inductance 
called a preventtve coil when passing from one 
compensator tap to the next. The General 
Electric a.c. control accomplishes the same re- 
sult by inserting a non-inductive resistance. 

239. Owing to the fact that the a.c. motor 
characteristic is more drooping than even that of 
the d.c. series motor, fewer Starting points are 
required for a.c. control. The General Elec- 
tric Company use five steps and the Westing- 
house use six steps when the speed does not 
exceed 40 to 45 miles per hour maximum. As 

troller with potential tap control constitutes a running point at full effic- 
iency, it is not necessary to use series-parallel connection of motors as is 
done with d.c. motors. 




Fig. 44. — ^Westinghouse 
tap controL 
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TYPES OF BAILWAT MOTORS. 

240. The standard railway motor is the d.c. series motor wound for 
500 to 600 volts, the latter being universally recognized as standard for 
large sizes. Armature and field windings are connected in series so that 
the current is the same in both. 

All motors designed for Street, interurban and rapid transit car or 

train service have four field poles, the structure being entirely enclosed 
with hand hole covers making it water proof. Such motors transmit 
power by single-reduction gear, motors being stispended at one end upon the 
car axle and spring suspended at the other end. 

For locomotive work the General Electric Company has brought out a 
two-pole gaarless motor, which design is also adapted for high-speed 
single-car service calling for large motor outputs. 

The tW04>0le series motor is especially ^apted for very high tpeed 
MTFtoe and minimises cost of repairs as well as operates with decreased 
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noise and greatly increased efficiency for express service. For further 
description of geariess motors see locomotives. 

841. The lln^e-phase motor has been developed along several lines 
of which the series-wound compensated motor is the one universally used in 
the United States. 

The motor is identical in construction with the d.c. series motor, except 
that it is necessary to introduce a compensating winding in the face of the 
field magnet, whose office is to compensate or neutrahze the inductance 
of the armature caused by the alternating current flowing therein. 

S42. This compensating field may be either oonduotiyely or inductively 
produced, depending upon whether the winding is traversed by the main mo- 
tor current or by the current produced in its own short-circuited winding by 
the alternating armature flux. So far as concerns operation from a.c 
supply^ one form is about as efficient as another, but the conductive com* 
pensation is an aid when the a.c. motor is called upon to operate d.c. 
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S48. As the armature current is alternating, there is a short-circuii 
developed when brushes touch two commutating segments at once. This 
■hort circuit is very large at Starting, being reduced to a reasonable 
amount when running at full speed. To reduce the amount of this short- 
circuit current, and better the low-speed commutation, the a.c. compensated 
motor is sometimes provided with high-resistance leads connecting armature 
winding with commutator bars. Such leads have been found unnecessary 
in motors of 150 hp. capacity and less, but are desirable in a.c. series 
motors of larger capacity. 

S44. The rexnilflon motor as developed by Thomson and perfected 
during the past three years is shown in Fig. 47. The field winding is very 
similar to the neld winding of an induction motor. The armature is an 
ordinary series-wound armature short-circuited upon itself. The repulsion 
motor 18 very similar in its operating constants to the single-phase com- 
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pensated motor, but cannot be used for speeds much higher than 150 pec 
cent, of synchronism, owing to the imperfect commutation at the higher 
speeds. It has the advantage of having its field circuit distinct from the 
armature circuit, hence, permitting of a field winding of any potential 
best suited for control or operation. With this type of motor it is possible 
to operate 3000 volts direct on the field winding if desired. 

Owing to its imperfect commutation at the higher speeds, this motor 
is best adapted for application to slow-speed freight locomotive service. 

S4IS. The Wlnter-Elch'berg motor is a form of repulsion motor in which 
the armature excites itself through a current transformer. The field 
winding is distributed while the armature winding is short-circuited upon 
itself, having two sets of brushes, one set being the main armature brushea 
the other set the exciting brushes operating in. «et\ea ^wVCo. 'Cafe ^i^sx^^jc^ 
tranirformftre abowa ia Fig. 48. The m.otoi Yiaa tltx!^ «An«si\»«^ i:&\#»isak 
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OMd with potential control or with manual control by shifting the bnuihei^ 
and has the disadvantage of requiring a double set of brushes on the com- 
mutator. This type of motor is more limited in its field of application than 
the series-compensated motor. 

846. In the Latour motor, which is a modification of the Winter- 
Eichberg motor the armature winding is short-circuited in part only, rather 
than through diametricaUy opposite brusnes. with the result that the 
armature Pit loss is reduced. This type is Imuted m its field of appbcation 
to special cases. 

247 ThA three-phase inductloil motor has all the characteristics of 
a d c shunt or constant-speed motor, and comprises a three-phase primary 
windins either star or delta connected, with a three-phase secondary winding 
either star or delta connected, the latter terminating in collector rings 
across which non-inductive resistance is inserted during the accelerating 
oeriod after which the collector rings are short-circuited. The induction 
motor may be wound for the trolley potential if desired, as the potential 
of the secondary winding is entirely independent of that of the primary. 
The constant speed characteristic of this type of motor is especially adapted 
for dutv ot a constant nature, such as haulage over a regular profile, either 
level or UD a uniform gradient, in other words, where there is no combination 
of slow-speed grade haulage and high-speed level service. 

848. The flngle-phaie Induction motor has been used for railway 
purposes on experimental roads, but owing to the zero starting torque of 
this motor it is necessary to operate it in conjunction with an auxiliary 
starting device and throw the motive power into action by mechanical 
clutches or other means after full motor speed has been obtained. This 
type of motive power is very limited in its field of application. 

BSAxma 

849. In order to bring a moving train to a stop, it is evident that some 
external force opposed to the motion of the train must be applied. Tlie 
Ideal force would be one which could be applied at the center of gravity 
of the oar, thus producing no tendency for the car to rotate, and which 
would be sufficient to stop the train in case of emergency in the shortest 
possible time without undue shock to passengers or equipment. With the 
exception of a few instances, such as short cable roads up a mountain side, 
the only available force which may be utilized in stopping a train is the 
friction which exists between the wheels and the rails. Tms force besides 
being applied at the lower rim of the wheel and consequently not at the 
center of gravity of the car is also a variable quantity of uncertain magnitude 
and therefore not an ideal retarding force. For instance the adhesion 
between a dry rail and wheel may be equal to about 30 per cent, of the 
pressure between wheel and rail, whereas with a wet rail it may be only half 
that amount. The addition of sand to a slippery rail will increase tiie 
adhesion from 15 per cent, to about 25 per cent, of the weight on the rails, 
and this amount can usually be relied upon in making emergency stops. 
This force of 25 per cent, of the weight on the rails applied to a car will 
produce a retardation equal to one quarter the acceleration of gravity, or 
8.04 feet i)er second, or nearly 5.5 miles per hr. per second. If it were 
possible to apply this force instantly and uniformly throughout the stops 
a stop from an initial speed of 60 miles per hr. could be made in about ^even 
seconds, or in a distance of 480 feet. This force, however, is only available 
when the wheels are rolling on the rails, for as soon as slipping occurs the 
adhesion rapidly decreases. Therefore the force which opposes the revolu- 
tion of the wheels, namely the brake-shoe friction, must never exceed that 
which is keeping the wheels turning, namely the adhesion between the 
wheels and rails. This oi>posing force is obtained in several^ different 
ways, the most familiar being by applying brake shoes to the rim of the 
wheels with considerable force by means of hand or power brakes. ^ Another 
method which is applicable in electric traction ia known as^ electric braking 
as distinguished from mechanical braking, and consists in opposing the 
revolution of the wheels with the counter torque of the motors or by the 
friction of electrically operated brake discs 

880. About the first systematic tests to determine the value of the 
coefficient of friction between hrake ihOM and whed, and between 
wheel aad mil were conducted by Sir Do\i8]LByMi Qaitaii and Mr« Qeorce 
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Westinghouse in 1878 and 1879 on the London, Brighton & South Coast 
Railway, England. A. report of these tests appears in the proceedings of 
the Institute of Mechanical Engineers of London, for April, 1879. The 
following table gives the results of these tests: 

261. Coemolent ol Friction at Various Speedf. Catt-Iron Brak* 

Blocks on Steel Tires. 



Number of Ex- 
periments from 
which the Mean 
is taken 



Velocity 



Coefficient of Friction 



Miles per Feet per Extreme Observed 

Hour Second Maximum Minimum Mean 



12 


60 


67 


55 


65 


50 


77 


45 


70 


40 


80 


35 


94 


30 


70 


25 


69 


20 


78 


15 


54 


10 


28 


7i 


20 


Under 5 



88 


.123 


.058 


.074 


81 


.136 


.060 


.111 


73 


.153 


.050 


.116 


66 


.179 


.080 


.127 


59 


.194 


.088 


.140 


51 


.197 


.087 


.142 


44 


.196 


.098 


.164 


36^ 


.205 


.108 


.166 


29 


.240 


.133 


.192 


22 


.280 


.131 


.223 


Hi 


.281 


.161 


.242 


11 


.325 


.123 


.244 


Under 7 


.340 


.156 


.273 


Just movini 


I 




.330 



Fleeming Jenkin (steel on steel) . 0002 to . 0086 . 337 



.365 



.351 



Rennie. Static Friction under 

Pressure of 180 lb. per square inch 300 

Pressure of 336 lb. per square inch 347 

262. From the above values Mr. R. A. Parke has developed the following 
formulas to represent the law of variation of the coefficient of friction 
with speed. 

.326 

From the mean values / = 



from the maximum values 



/ 



14-. 03532 S 
.382 

14-. 02933 S 



where / = coefficient of friction, 

S » speed in miles per hour. 

The latter formula gives values corresponding more nearly to recent 
experiments. 

263. Coefficient of Friction as Affected by Time.* 

Miles Commencement After After After After 

per Hour of Experimentf 5 seconds 10 seconds 15 seconds 20 seconds 



20 


.182 


.152 


.133 


.116 


.099 


27 


.171 


.130 


.119 


.081 


.072 


37 


.152 


.096 


.083 


.069 




47 


.132 


.080 


.070 






60 


.072 


.063 


.058 







*Sir Douglas Galton has'also published the following valUies of the co- 
efficient of dsrnamic friction as affected by time of brake application. 

t The figures in this column are somewhat different from those that have 
just been given in the altered table, because they resulted from the average 
of fewer experiments; but the effect of time in reducing the ^(^^SB^Mes^ ^ 
friction may be accepted as correct. 

8^ 
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254. Mr. R. A. Parke's formula representing the decrease of the co- 
efficient of friction with length of brake application is as follows: 

1+. 00472 T 



1 +. 000239 T 



wherein / is the coefficient of friction at beginning of application; f the 
coefficient of friction after brake application of T sec. 

255. Elaborate tests were made in 1895 and 1896 by the Master Car- 
Builders Association to determine the relative advantages of different 
kinds of brake shoes on steel tired and cast-steel wheels in respect to wear 
and coefficient of friction. The results of these tests, however, showed 
such lack of agreement as to emphasize the difficulty of obtaining consistent 
data. 

256. The absence of more extended observations and the complex nature 
of fluctuations of the coefficient of friction makes it impossible to formulate 
a practical mathematical equation which will determine the rate of retarda- 
tion under varying conditions. However, the results of the tests shown 
in the tables above indicate a law of variations which may be briefly 
stated as follows regardless of the materials used. 

(a) The coefficient of friction increases with the decrease in speed; 

(b) Decreases with the increased distance through which brakes are 
applied, and 

(c) Decreases with the increase of pressure. 

257. It is evident therefore that in order to obtain a uniform braking 
effort throughout the stop, the brake-shoe pressure must be varied to 
compensate for the fluctuations in the coefficient of friction, that is, the 
brake-shoe pressure must be decreased as the diminution in speed increases 
the coefficient of friction, and increased as the distance of brake application 
decreases the coefficient of friction, and further increased to compensate 
for the decrease of the latter with increased pressure. 

258. For certain speeds the increase in coefficient of friction with de- 
crease in speed is practically neutraUzed by a d^rease due to increased 
distance of frictional contact, but for lower ^eeds the increase from the 
former cause is more rapid than the decrease from the latter, necessitating 
an almost abrupt decrease in brake-shoe pressure near the end of a stop to 
avoid slipping the wheels on the rails and discomfort to passengers. 

259. For the same pressure, the coefficient of brake-f^hoe friction at 60 
miles per hr. is only about half that at 20 miles per hr. It is therefore 
evident that an emergency stop for high speed is less efficient than that 
from low speed, since an emergency apphcation implies that the maximuni 
pressure which will not slip the wheels near the end of the stop is instantly 
applied at the very outset. A considerably shorter stop maj[ be made if 
the pressure applied during the earlier periods of the stop is greatly in 
excess of that which will slip the wheels at low speed, but in the absence 
of the motorman's skill some means must be provided to decrease the 
pressure near the end of the stop in order that the limits of rail friction 
will not be exceeded and the efficiency of the stop thereby decreased. This 
provision, however, requires additional apparatus, which on general prin- 
ciples is objectionable, unless the showing is so favorable as to warrant 
further complications. 

260. Thus far attention has been devoted to outlining methods for over- 
coming the obstacles which are presented by the complex nature of the 
fluctuations of the coefficient of brake-shoe friction and which prevent the 
utilization of the theoretically possible retarding forces. The nature of 
the application of these forces imposes difficulties which prevent the full 
utilization of the weight on the trucks and wheels, thereby directly affecting 
the braking force. 

^ 261. At the present time it is customary to equip double-truck cars with 
either two motors or four motors, depending upon the nature of the service. 
In the former case both motors are usually placed on one truck thus per- 
mitting a lighter truck to be used as a trailer. 

Tbe preMSUn which may be safely applied to the vhMlf of the motor 
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truck without causing the wheels to slip cannot be applied to the wheels 
of the trailer truck, hence, the brake rigging must be proportioned so that 
the greatest portion of the braking is done upon the wheels of the motor 
truck. Considering, however, the case where the normal distribution of 
weight is equal for all wheels, it is found that during braking a greater 
pressure may be appUed to the wheels of the forward truck without causing 
them to sUde than can be applied to the wheels of the rear truck. The 
explanation is somewhat simplified when considering single-car operation, 
since draw-bar forces may oe eliminated. 

262. The resultant of all the parallel forces, which act on the ele- 
mentary masses of the car tending to keep it in motion, is equal to the 
sum of all these forces and acts at the center of gravity of the car and in 
the direction of motion. Directly opposed to the motion of the car is the 
wind pressure which also acts on the elementary surfaces, hence the re- 




TfTT 



im 



Direction of motion 
Fia. 50. — Braking-stress diagrana. 

Bultant wind pressure acts at approximately the center 9f gravity of the 
car; but being sufficient to cause only a shght retardation compared to 
that obtained with the brakes its effect has been neglected in this con- 
sideration. The retarding force of the brakes acts at the surface of the 
rail; and as all parts of the structure are retarded equally, the kin^ pina 
must transmit tne force required to produce the same retardation ui the 
car body as is produced in the truck. The total retarding force less the 
amount required for retarding the wheels and trucks therefore acts at the 
points of support which are somewhat lower than the center of gravity of 
the car body. The moment of these forces about the center of gravity oi 
the car is balanced by the moment produced by the increased pressure oi 
the forward truck acting upward through the point of support. At the 
same time the weight on the rear truck is decreased. 

263. The distribution Of 
weight on the wheels of 
each truck is affected in the 
same way except that the 
retarding force transmitted 
through the king pins to the 
car body also reacts to fur- 
ther increase the pressure on 
the front pair of wheels of 
each truck. 

Because either end of the 
car may at some time be- 
come the rear end, it is es- 
sential that the brake-shoe 
pressure be kept the same 
for all wheels, which neces- 
sarily restricts the maTlTnuTTi pressure which can safely be employed 
to that which will not slip, the wheels with the least weight. In the 
case of the eight-wheel passenger car, the effective wheel pressure which 
may be utilized in braking is only about 85 per cent oC tibA.t. '^^^snss^ji^^^ift^ 
with the tptal wei^t on the wheels. 




Direction ofmotion\ 



Fig. 51. — Stress diagram. 
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264. On account of the stored energy in the revolylng whe^ 

gears and armatures which may amount to 5 or 10 per cent, of the total 
stored energy of the car, a consideration of th^ effect of these forces upon 
the truck through the brake hangers is essential. With outside-hung brake- 
shoes the friction between brake shoes and wheel is downward for the 
leading wheels, thereby causing compression of the forwajrd springs of the 
truck; and upwgjd for the traiBng wheel, thereby relaxing the rear springs 
of the truck. The recoil of the forward springs results in the backward 
motion of the car bodv so disagreeable to passengers at the instant of 
stopping. With inside-hung brake-shoes the brake-shoe friction is upward 
through the hanger Uuks of the forward portion of the truck and downward 
through the hanger links of the rear portion of the truck, thus tending to 
neutralize instead of aggravate the effect of the rotating influence o' the 
car body. The problem of proportioning the length of brake-shoe hangers 
and the proper inclination of the same to the tangent at the point of con- 
tact of the center of the shoe for exact compensation for the rotating i - 
fluence of the car body, is too involved for presentation here. For this 
reason reference is made to Mr. R. A. Parke's excellent paper in the pro- 
ceedings of the American Institute of Electrical Engineers, Vol. 22, Dec. 1802. 

265. A common form of hand hrake consists of a vertical shaft at each 
end of the car fitted at the top with a ratchet handle or crank, or geared to 
a hand wheel whereby the motorman can wind up a chain, one end <A 
which is fastened to the lower end of the vertical shaft and the other end 
to a rod which connects with a system of brake levers. By means of a 
pawl (or dog) which engages in a ratchet wheel on the vertical shaft neat 
the floor of the car, the motorman is enabled to hold a pressure on tiA 




FiQ. 52. — Diagram of brake rigging. 



itrake shoe while he gains a more favorable purchase for applsring more 
pressure, or until such times as he desires to release the Brakes. This 
brake has been found capable of supplying sufficient braking power for 
the safe control of light cars running at moderate speed, but for heavy 
cars and high speeds the physical effort and time required to properly apply 
the brakes render it necessary to provide other means of supplying the proper 
force in a minimum length of time. Hand brakes, nevertheless, are always 
provided as an additional saf^uard, even though the cars may be equipped 
with power brakes, as it is alwkys customary to set up the hand brakes 
on all cars when they are left standing. 

266. Air brakes have been universally adopted in some form or other 
on all steam roads for braking both passenger and freight trains, and the 
results have been attended with such success that modifications and im- 
provements of the old steam railroad air brake system have been developed 
and adopted by a vast majority of electric lines operating heavy high- 
speed interurban cars either singly or in trains. On account of the varying 
character of the service on different electric roads, it has been found neces- 
sary to develop several systems, or modifications of the same system which 
will be best adapted for the service in hand. 

267. The most familiar tjrpes at present are known as the following: 
Tfie straight air-brake system recommended for single car operation only; 
The emergency strniaht-air system suita*^le for two-car operation, particularly 

when one is operated single most of the time and with a trailer added 
during rush hours; 

TAe au(QtmHQ air (ro^ suitable for eleotrio trains ot three can or more; 



ELECTRIC TRACTION, 



Sec. 13.-268. 



The combined straight and automaiic air hrake designed for looomothrv 
operation, no matter whether steam or electric, and 

The dectropneumatic air brake at present in an experimental state, but 
particularly adapted to train operation, inasmuch as the time element ia 
the application and release of the brakes on the rear end of a long train is 
practu^y eliminated. 

268. The straight air-brake system consists essentially of a source 
of compressed air (either a tank filled at intervals from a compressor at 
charging stations, or an air compressor, motor or axle driven, located upon 
the car); a reservoir which receives the air from the charging tanks or from 
the compressor and in which the pressure is maintained practically constant 
by means of a reducing valve, or by a governor which automatically con- 
trols the operation of the compressor; a brake cylinder, the piston of which 
is connected to a system of brake levers in such a manner that when the 
piston is forced outward by air pressure the brakes are applied; an operating 
valve mounted in each vestibule bv means of which the compressed air is 
either admitted or released from the brake cvlinders; a pipe system con- 
n(H>ting the above parts, including cutout valves, extra hose, and an^le 
fittings between cars. In order to prevent any possibility of accumulatmg 
an excessive pressure, a safety valve designed to open at 100 lb. per sq. .\n. 
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Fig. 53. — G. E. st^ght-air-brake system. 



is placed in the air-supply system. A set of pressure gauges is usuallj 
supplied with each complete equipment in order that the motorman may 
observe the pressure in the reservoir and remedy any defects in the govem- 
iag apparatus. 

369. To operate the xnotorman's valve the handle is inserted when 
the valve is m lap position where the slot in the body of the valve is en- 
larged for this purpose (and to prevent its removal in any other position). 
In this position thc'^alve is set so that air can neither pass into nor 
out of the brake cylinder. Moving the handle to the left places the valve 
in full release, that is, connects the brake cylinder to the atmosphere and 
allows the air which holds the brakes applied to escape, and ttie spring 
which ia opposed to the air pressure restores the piston and releases the 
brakes. After the brakes have been released the valve is returned to lap 
position, which is the normal running position. To partially release the 
brakes, which is necessary in braking m order to prevent shocks as the 
car f^tops, the handle is moved to the right and quickly returned to lap. 
This reduces the pressure on the brake shoes, but does not entirely releaae 
them. 

870. To apply the brakes for a lervlee Stop, the handle \«>Tssfirv«^s«^<QB)s^ 
right a little past the lap position, then Y»yuL \a \k^« ^Toa <:n«^Dffff^•» ""^^ 
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reservoir with the brake cylinder through a small opening in the valve^ 
then holds the pressure constant until it is necessary to release or apply 
more pressure. Moving the handle further to the riglit connects the reser- 
voir to the brake cylinder through a large opening, thus causing the cylinder 
to fill rapidly and Instantiy apply the Inrakes with maximum pressure. 
Sand is usually applied to the tracks as soon as the handle is turned to 
emergency to avoid skidding the wheels. 

271. In descending grades a light application of the brakes should be 
made and the handle returned to lap. A sufficient length of time should 
be allowed for car to feel the effect of the brakes before applying more 

Eressure. If speed is higher than desired a second light appUcation should 
e made and operation repeated as often as necessary until the desired 
speed is obtained, or until the car has left the grade. 

272. The Straight-air system of air brakes, although only recom- 
mended for single-car operation, may be used when operating with. a trailer. 
The equiiJment for trail cars consists of a brake cylinder and system of 
lever^j similar to the ones on the motor car, a length of pipe running the 



pump ^ouernor 




reseruoir- line. 
Fig. 54. — G. E. emergency straight-air brake system. 



entire length of the car and provided with hose couplings and cutout 
cocks for connections to the forward and rear cars. In connecting up trail 
cars, all the hose couplings must be thoroughly united to insure that air 
will apply throughout the entire train. AH the cutout cocks must be 
opened except those on the rear of the last car, and the front of the first 
car, which must be closed. 

273. So far as single-car operation is concerned, the straight air-brake 
system is very satisfactory, as the desired flexibility' in the matter of gradua- 
tions of applications and release of the brakes with due regard to the pas- 
sengers standing can readily be secured, and this apparatus is usually so 
simple in construction that the motorman mav become familiar with its 
operation to such an extent that accurate stops may be secured with a 
minimum amount of instruction. In trains of considerable length, however, 
the response of the brakes on the rear cars is too slow, since all the air 
must pass from the main reservoir on the front car through the opening 
in the motorman's valve to the brake cylinders of each car. As the ad- 
dition pi e^h cfur adds to the volume of the bri^e system, the mftia reser- 
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Tolr on the 6r»t car muBt be considerably inireiiMci in order that tba pre*. 
mre will not be reduced Ui such an exient that the bmke applicalion will 

These latter objectioiiB would not be sufficient to prevent tht u» ol thii 
typo of air brakea on sljort liama of two or Ihf ae cara. were it not for the fact 

ST4. Tha amargencr itralcbt-Ur bnk* 

diffeiB from the etraight air brake in the dataila 
of the motonoBD's valve and in Che addition 



In the ordfiiary operation of single 
ahort traine. the emergency valve is 
brought into play- It is necessary, howi 
provide a short direct paBSa^e from the reservoir 

quidcest possible action in time of emergency and -o^' , 

to provide »me means of automatically braking ^-^-{. 

line.'*At"tiVt£iea whe^™ is desired lornake kf-: 

jnittfid or eichaUHled trough the mot- 

y»lvo the same aa in the straight-air brane. viuvv. 

i. With the matormu'i valva in the eratxgtaej poiltlim. 





ihleh allows the spring under the «slve to retarn 
then brakes can he released th; laine aa after a 

tplished by movir 



— u position, - 
eaUon br exhi 

TalTe to •mernnc' 

- ' ' of the vflre 

(ho renrvoii li— —. - ..- 

I (be euheripiDSy valve in normat pontioa tXi«Et> \b s. OowA. 
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Ji TOlve for BUpijijing ai 
n, Thie ayelem ie capable of a great m 
added or omitted ah requirements ol a t 
The main points of diflerence between 
equipmentfl wilt generally be found in the 
the addition of pressure maintaining and icu^v,^^^ .h 
Hal in oertaln dusee of grade work in order to prev 
These particulars have been intentionally omitted fi 
to avoid undue eomplexity. Two forma of triple ^ 

to be considered here inasmuch as the plain tripta ' -^. 

used on eomiparatively short trains, about live can m length, i 
qoick-ftction triple valve. Fig. V '~ •"- 
■i(ned to be used od much longer tr 

150. For t3ie emernner pMltiOti shown 
in diagram, Fig. 57. the train line is open to 

pressure on the right of the elide-valve pistoi 
to force it to the Teft against the giaduaCinf 
spring, compresains it and uncovering tin 

Sow from" the au:iiliary reservoir 
into the brake cylinder, at the sa — -., 
ttie ports leading to the atmosphere and 
the train pipe are closed, 

151. To rtlSM* lb« br>kM, the ma: 
reservoir air is admitted through the trai 

piston, forcing it to the right and conn 

raises the check valve and recharges i 
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Fia. 58. — WeBlia^iouBe automatio oir-bnke. 



braliM are (tA\y applied. The auxiltai 
uniollr BO proportioned that the brnke 
pinaa displaceineDl Ib sufficient lo red 



reBerroir and bnUce eylindec ai 
are fully applied when the brali 



applies the brakes and is wsBtetul ot air as the train pipe and the aujulianr 
reaerroir must be fully oharoed after each appUeatlon. 

ns. The aulok-AOtloii triple valre shown Id Pig. S7 ia designed to ba 

releaee the brakes on the rear can so qi^cW 
of the Black is avoided. Fig. 59 is a 
dLacramciatical seclion of the triple tbIvo 
BhowD in Fig, 67. , In the full relwM 

from the br^e 'ejlinder througl 
in the slide valve, the aame ae 
plain triple valve. The auxiliar; 
voir ia oharged through grooves ... 
the slide-valve pislan and through 
raised check valve and uncovered 



valve piston striking the graduating stem. B. cavity In the (trading valva 
on top of the aiida valve connects ports which allow eommunicatioD from 
ttae brake cylinder n the emergency chamber and train pipe. Tba 
pUton In tbe taaaftaoy ohunlMT ie only loosely fitted »a ti^t. ^kA ^ 
lAlgb ii lulmitted from the train pipe to the \u«eaXj^ ^oM^ -siKi* -vMNoa 
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_„ _ „ a preaHUro since the auxiliary res 

supply all the air to the brake cyliniler. 
IBS. When the brake-cylinder pressure is reduced below that in tha 
in line, the elide-vaLvo piston moves to the right with the graduating 
ve and closes all ports leadioE to the brake cylinder. The tendencr 
tEie brake-pipe and auxiliary-reservoir pressures to equatiie thntu^ 
brake cylinder is prevented by the proportiuuins 
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the air will flow through the charging grooves of the triple valves, hence 
only the triple valves of the foremost cars move to retarded release, the 
others remaining in full release, thereby releasing the brakes on the rear 
cars quickly. 

287. The sudden reduction of train-pipe pressure in emergency posi- 
tion of the engineer's valve moves the slide-valve piston to the left com- 
pressing the graduating spring and opening a port directly to the brake 
cylinder and another to the emergency chamber unseating the emergency 
valve; at the same time the train-line pressure opens the check valve and 
air flows from the train-line directly into the brsuce cylinder, applying the 
brakes with maximum pressure. The quick venting of the train line 
insures the rapid serial action of the brakes on the rear cars. 

288. The combined straight and automatic air-hrake, as the 

name implies, consists of two sets of motorman's valves for the control of 
each system. The straight air-brake operating with pressure between 
55 and 70 lb. i>er sq. in. appUes and releases the brakes on the front car 
independently of the brakes on the other cars. The automatic brakes 
operate with air pressure from 100 to 110 lb. per sq. in. and apply the 
brakes on the remainder of the train independently of the brakes on the 
front car. The chief advantage of such an arrangement is the possibility 
of holding the brakes on the locomotive applied while the train brakes are 
released for the purpose of re-charging the auxiliary reservoirs. 

289. The electropneimiatic system is practically the same as the 
present automatic system, except that the valves are operated by sole- 
noids in much the same way as the contactors in the multiple-unit train 
control. At the present time air control is retained as a safeguard in case 
of failure of the electric control. With electric traction, the possibilities 
of this svstem seem to be unlimited and automatic retardation as well ai 
acceleration is quite feasible. 

290. The air reservoirs should have a capacity sufficient to supplr 
air for three or four applications without reducing the pressure more than 
12 to 15 lb. Otherwise every ordinary application of the brake will throw 
the compressor into action, thus keeping the latter in a constant state of 
starting and stopping, and causing unnecessary wear to both compressor 
and governor. The Westinghouse Traction Brake Company reconmiended 
the following sizes of reservoirs: 

With 8-in. brake cylinders use 16 in. x 48 in. reservoirs. 
" 10 " •* " '* 16 in. X 60 in. 

" 12 " " " " 16 in. X 72 in. !* 

The lengths given above are over all. 

291. These reservoirs are fitted with drain cocks and should be drained 
frequently in order to prevent any water, oil, or dirt, which is brought 
in Dv the compressed air, being carried further into the brake system. 
If allowed to stand for several days, the reservoir will fill with water, there- 
by rcxiucing its capacity, and will also allow moisture to pass into the 
piping system and collect in pockets where it will be likely to freeze in 
cold weather. 

292. Track brakes have been developed to be operated in connection 
with either power or hand -brakes, the distinctive feature being the utiliza- 
tion of the power generated by the motors when properly connected to 
energi2e a powerful electromagnet, thereby drawing a suitable track shoe 
to the rail with considerable force. The friction between the track shoe 
and rail is transmitted to the brake shoes on the wheels through a system 
of brake levers, thereby adding to the braking effort of the Drake shoes 
on the wheels an amount equal to the drag of the track shoes on the rails 
and the counter torque of the motors acting as generators. It is possible, 
on account of the automatic regulation of the magnetic attraction oetwecn 
the track shoe and rail, to utilize as great or possibly greater brake-shoe 
pressure than is customary with either hand or air brakes without skid- 
ding the wheels, but in practice this is seldom required and a considerably 
leflB braking pressure is customary. The friction between the track shoe 
and rail necessary to produce the requisite brake-shoe pressure will dsj^TA 
upon the design of link motion and the speed ol \]i[^ \x^u\ \x<cs^«?«^> **^e^ 

800 



Sec. 13.-293. ELECTRIC TBACTION. 

is usually greater than the braking effort exerted by the wheel brakes, 
and where the speed is low advantage can be taken of a high coeffieient 
of friction which is impossible where the wheels are apt to skid as with 
power brakes. It' is thus evident that the retardation possible with track 
Drakes is at least twice as great as with power brakes, rendering them par- 
ticularly well adapted as emergency biukes for heavy grades, which are 
chaxacteristic of scenic railways, etc. 

292a. It should be noted, however, that since this brake depends upon 
the electromotive force generated by ' the motors when runmng as gen- 
erators it cannot be dei>ended upon to hold a train on a grade or bring it 
to a stop unless a connection is made with the trolley for this purpose. 
There are various objections to resorting to this means of energizing the 
brake solenoid, except in an emergency, consequently the electric track 
brake is Umited in its applications to roads where it is necessary to provide 
additional safeguard at the expense of considerable complications to the 
ordinary form of brakes. 

TBUCK8 Ain> CAB BODIES. \ 

293. The development of the self-propelled car has led to some modifica- j 
tions in standard truck design. The several types of trucks all fall in two { 
general groups — namely, the single-truck, and the double or bogie truck. ^ 

The flngle-truok car is intended for city street service, and where the 

xnaximum speed does not exceed 25 miles per hr. The two axles of the I 

single-truck are rigidly align^ by side frames, so that of necessity the rigid [ 

wheel base must be short to negotiate sharp curves, thus limiting the ' 

length of car used, as too much overhang is productive of much rocking ! 

and unsafe riding, and is objectionable also when rounding sharp curves I 
in city streets. 





FiQ. 61. — Single truck. 

294. In order to provide easy riding, the car superstructure is supported 
upon elliptic and coil springs designed to take up the shock resulting 
from ridmg over uneven track. Single-truck cars are limited to a max- 
imum length of about 30 feet overall and a ma-gimnm weight including 
car body and trucks, but exclusive of electrical equipment, of approximately 
15,000 pounds. 

295. The double-truck car is equipped with two distinct trucks joined 
together through the medium of the car body framing. The iWlyel OT 
bogle truck consists essentially of two or more axles centered in conmion 
side frames joined by a cross piece or bolster carrying a center plate and 
side-bearing plates upon which the car body rests. 

The bogie truck may comprise two or more axles mounted in a single 
structure, the prevalent type, however, is composed of two^ axles for cars 
weighing up to 50 tons total weight. For very high speed service or for 
heavy cars three-axle trucks are to be recommended. 

296. The Standard four-wheel bogle truck is built along different 
lines depending upon the service which it is to perform. As the weight 
of the car body is carried upon the cross piece or bolster connecting the 
side frames, it is evident that the construction of this bolster and ito support 
offers a means of cushioning the effect of shocks given the car wheels unien 
nding ov«r uneven track. There are three general types of bogie trucks, 
namely: The rigid bolster type; the floating bolster type, and the swinging 
bolster type. 

297. The rigid bolster tsrpe is suitable for loeomotlye work only 
M the cushioning effect of the car body by means of springs is not carried 
to sufficient length for easy riding qualities. The bolster is solidly fastened 
to the side frames and forms an integral part therewith. The spring-sas- 

pendea car mperBtruoture is sustained by means of box Qprincs pUoad 
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between the side frames and the journal boxes. These springs may be of 
the semi-elliptic (Fig. 62) or spiral type (Fig. 65). This type of construo- 
tion offers no compensation for the swaying of the superstructure, and is 
therefore not adapted for high speed or passenger service. 

298. The floatinf; bolster construction comprises in part a bolster 
mounted upon elliptic springs resting upon the side frames. ^The bolster 
thus has an independent vertical movement and travels in ways in the 
side frame. This type of construction is best adapted to locomotiyo 
tarucks designed for slow speed service, as the superstructure is not suffi- 
ciently cushioned to provide easy riding for high speed passenger service. 

299. The swinging bolster construction comprises a movable bolster 
traveling in a guide or transom and mounted upon elliptic springs, a con- 
struction very similar to the floating bolster type. In the former, howevM', 
the elliptic springs do not rest directly upon the side frames, but rest in a 
saddle hung from the transom or side frame construction in such a manner 
as to provide opportunity for a transverse swing of the superstructure. 
This permits the superstructure to swing or roll when rounding curves and 
offers a very easy riding truck for high speed passenger service. To stiii 




FiQ. 65. — Swing bolster truck (Brill CJo.). 



further increase the cushioning effect, the side frames are not directly mount- 
ed upon the journal boxes but have coil springs interposed, either placed 
directly over the journal boxes (Fig. 65) or between the side bar and the 
truck frames (Fig. 64) or a combination of both. 

300. The swinging bolster truck is designed for high-speed passenger 
service, and is satisfactory for speeds up to 70 or 80 miles an nour max- 
imum. For very high speeds it is preferable to provide a bogie truck con- 
struction consisting of three axles, the two outside axles carrying leas 
weight than the center axle, and preferably carrying no motors geared 
thereto. 

301. The truck bolster may be made of wood or metal, and both the 
center plate and side-bearing plates which it carries may be ball or roller 
bearings, in order to reduce the friction and permit the truck to readily • 
respond to the demands of track curvature. 

The Side frames may be built up of steel plates riveted together or 
forged or cast in a single piece. The construction is rigid and provides for 
good alignment of the axles. 

302. Maximum trac- 
tion trucks are designed 
for city service at speeds 
not much exceeding 30 
miles per hour, and a^-e 
useful where it is desired 
to mount a single^ motor 
Ofi a truck providing for 
four wheels, having a short 
wheel base, and carrying 
70 per cent, of the total 
car weight upon the driv- ^ 

iiig wheel, which is larger in diameter than the trailing wheel. Maximum 
traction trucks are not suitable for high-speed service. 

303. Car bodies differ in construction according to local requif^Bnients. 
They may be divided into two general types, namely: open cars, and closed 
cars. 

The dividing line between these two tyi>e8 is not sharply defined owing 
to the introduction during the past few years of the OOnvertible and 
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Fig. 66. — Maximum traction (Brill Co.). 
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Sec. 13.-304. 



Mmi-COnvertlble t^pe of car body which permits the complete closins 
in of the car body sides or partial removal thereof according to climatic 
conditions. The true type of open-car body is arranged with cross seats 
which will seat five passengers per seat and in the larger cars seating 75 
passengers per car. 




1 PU"U'UIJ,L|UUUU^ 

1 fcrinnniinnnnncr 

Fig. 68. — Seat capacity 44. 



Fig. 67. — Seat capacity 24. 

804. The closed-body car may be provided with either longitudinal 
or cross seats, the former being used in the shorter cars of 30 feet overall 
and under, and the latter in the larger city and suburban cars. 

The prevalent type of tranSYerse seat car is indicated in Fi^. 68, and 
usually contains short longitudinal end seats in addition. Owing to the 
possibility of crowding at the car entrance, it has been found advisable 
to provide more standing room at these points, leading to a composite type 
of car having longer longitudi- 
nal end seats and providing 
transverse seats in the center 
portion of the car only. 

In some instances it is neces- 
sary to provide narrow city 
cars and insufficient space is 
allowed for transverse seats- 
capable of seating two people 
on the side. A modification 
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Fio. 69. — Seat capacity 44 
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of transverse seat car is constructed for 
such cases having the longitudinal aisle and providing a two passenger seat 
on one side and a one passen- 
ger seat on the other. 

805. For suburban serv- 
ice it 's desirable to provide a 
smoking compartment 

divisioned off from the main 
portion of the car and con- 
nected to it by a door. Such Fig. 70.— Seat capacity 44. 
fk car should preferably be run 

single ended with the smoking compartment in front, although it is common 
practice to run such cars double ended, in which case all passengers may be 
compelled to pass through 
the smoking compartment 
to reach the main seating 
portion of the car. 

Owing to the necessity of 
taking care of baggage or 
express material on subur- 
ban lines many such cars Fig. 71.— Seat capacity 37. 
are supplied with a ba^- ^ 

gage compartment which is also used as a smoking compartment and in 
addition a toilet should be provided where the run is of considerable length. 

306. Many cars are heated ^ ._ 

ULlUlJiJUUSI 
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with hot water instead of elec- 
trically, and the more elaborate 
high speed interurban cars oper- 
ating over long distances provide 
a compartment for express mat- 
ter, smoking compartment, main 
passenger compartment, toilet 
rooms, etc. The motorman's compartment is divisioned off from the bag- 
gage compartment and such cars are generally run single ended reosiisi&si. 
the oas of a loop or Y at the terminals. 
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SOT. In general it may be stated that longitudinal feat can are suit- 
able only for short runs and medium ratei of aooeleratlon. and trani- 
yerso Mats should be used in order to provide comfort for the passenger 
where the aooelerating ratei are high or the run extended. 

For certain classes of city service where the track capacity is limited 
and n>eeds are moderate, recourse may be had to a dOUDl6 dock or top- 
seated car. These cars are only suitable for climates having small tem- 
perature change and must be operated at low speed (25 miles per hr. or less) 
in order to prevent possibility of over turning. Access is had to the upper 
seating portion of the car by means of outside stairways leading off the car 
platforms. 

^ Besides the convertible and semi-convertible type of closed cars a com- 
bination open and closed car is used for warm climates, as it offers the 
greatest advantages for all the year operation. 

806. Data on Typical Electric Can. 

Over all Length Weight Weight Type 

Maker Length Body Body Trucks* Trucks Remarks 

w^— ^— ^^i— ^— .^»^^» ^^»— i —•^-^•^^•^^ 

ft. in. ft. in. 
Brill Co. 22 16 6000 4600 Smgle Oosed car 

•• •• 26 18 6940 4400 

" " 26 20 7100 4400 " MaU car 

American Car Co. 26 6 18 2 7000 4500 '* Oosed car 
Brill Co. 28 20 7600 4600 

** '* 28 16 8350 4600 " Double decked 

" " 28 20 8950 4600 " Combinationcar 

•* " 29 7 20 3 8000 4500 " Closed car 

PulhnanCo. 29 10 20 9530 4800 

Stevenson Co. 32 2 22 1 7500 4500 
BriU Co. 36 25 8400 6700 Max. Trac. " 

•• " 36 25 12400 6700 " " 

" " 37 28 10350 6700 " " Oty service 

Pullman Co. 38 28 5 15670 10600 Double Suburban 

Brill Co. 40 29 13460 10200 

" " 42 32 16740 11080 " Interurban 

KuhlmanCo. 42 2 32 14000 10600 

PulhnanCo. 43 32 6 17130 10400 

Manhattan Co. 45 11 39 5 20000 10000 " Trailer 

WasonCo. 47 39 6 22350 10200 " Brooklyn 

Trailer EL 

St. Louis Co. 48 3 36 20000 13000 " Interurban 

Manhattan Co. 50 10 42 22000 15000 " Elevated Ry. 

Brill Co. 51 43 30500 13500 " Wilkesbarre 

Haselton 

52 10 44 56300 21000 *' Interboro Steel 

Body 

60 50 85100 21000 " N. Y. C. Steel 

Body 

ELECTRIC LOCOMOTTTES. 

809. The flrtt use to which electric locomotives were put arose from the 
necessity of taking care of miscellaneous freight work on interurban and 
suburban lines, and Fig. 73 represents a typical locomotive for this class 
of service operating for several years upon the St. Louis & Belleville Railway. 

810. As this locomotive is tsrpical of the earlier type of small electric 
locomotive, some of its general data are given as follows: 

Total weight 100,000 pounds 

Weight on drivers 100,000 

Weight per axle 25,000 " 

Weight of motors, control, etc 30.000 " 

Weight of trucks, superstructure, etc 70,000 ** 

Rigid wheel base 6 ft. 

Total wheel base 20 ft. 6 in. 

* Above freights do not include weight of motor and control equipment. 
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'type of moWirB, . . '.'.'.'.'.' '.'.'.'.'.'. 
Mominai rating of iMomolive. . . 



G&55 TwD-tom amutan 
^volla 




}. 73.— lOCOOO-lb. electric locoDiotivs, ewty type. 
•f locomotive is well lujtiptfd for the miscellaneous tutuUc* 
« modem type Ot lOOomottT* baving end instead of lide 




Fio. 75.— 110,000-lb. 



S19. tn som« CBsea it is den'rable 
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One of the earlier installations of electric locomotives of large size wai 
that of the B. &. O. terminal at Baltimore, the electric locomotive being 
adopted in place of steam in order to overcome the smoke nuisance in the 
tunnel. The first electric locomotives were equipped with gearless motors 
and are still in operation. 










B 
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Fig. 76. — 160,000-lb. electric locomotive. 

313. A later installation was made with geared motors, the type 
locomotive being indicated in Fig. 76. The following data apply: 

Total weight of locomotive (two units) .320,000 lb. 

Number of motors 8 

Capacity of locomotive (two units) 1600 hp. 

Type of motor Four-pole, d.c. geared 

Diameter of drivers 42 in. 

Rigid wheel base 14 ft. 6i in. 




■ai's* inside to inside knuckle 



Fig. 77.— 200,000-lb. electric locomotive, heavy freight. 



314. In Fig. 76 the single unit as shown weighs 80 tons, all weight 
being upon the drivers, and the complete locomotive consists of two such 
units coupled together. As this type of locomotive is equipped with 
multiple-unit control, the two units compK)sing the complete locomotive 
can be operated by a single operator in the leading cab. Owing to the 
rigid wheel-base construction and the low center of gravity of ^ tihis Xyv^ 
of locomotive, its use is restricted to operation upon track having curves 
of large radius and in a service calling tor lownq^ood operation. 
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815. Another type of locomotive suitable for heavy trelf^ht h&uUigt 

at low speed is indicated in Fig. 77, which shows a locomotive having a 
rigid wheel base of 15 feet inches, all weight upon the drivers, and having 
a 200 hp. motor geared to each axle. This locomotive may be used singly, 
or coupled with other locomotives and operated in a group by a single 
motorman, by the use of the multiple-unit control system. The type of 
locomotive shown is equipped with d.c. geared motors and arranged for 
operation with both third rail and overhead third rail, but the construction 
is equally adaptable for use with geared a.c. single-phase motors operated 
in connection with overhead high potential trolley. 

816. It is sometimes desirable to concentrate the entire mottve POWW 
required In ft llllgle construotloil instead of using a locomotive com- 
posed of two separate independent units. Fig.^ 78 represents a type of 
locomotive comprising two eight- wheel bogie trucks upon which are mounted 
eight motors of 250 hp. each. This type of locomotive is particularly 
adapted to operation over tracks having no sharp curves and on a service 
that does not call for speeds exceeding 40 to 50 miles per hr. maximum. 
It offers little flexibility either in design or in operation, and is especially 
adapted to a gearless motor construction in order to keep the rigid wheel 
base within reasonable limits. 

317. Instead of concentrating the total motive power in a an^le struc- 
ture there are many good reasons advanced for a construction similar to 
fig. 70, which is designed to operate either as a single unit as shown or 




03'€'irfslde to inside knuckle 



Fig. 79.— 200,000-lb. electric locomotive, freight. 



with two or more units coupled together forming a complete locomotive. 
As the construction shown in Fig. 70 is adapted to either a.c. or d.c. geared 
motor locomottves designed for heavy freight haulage work, the 
following data are given: 

Weight on drivers 200,000 lb. 

Number of driving axles .4 

Number of motors 4 

Rigid wheel base 8 ft. 

Total wheel base. . 23 ft. 6 in. 

Capacity total 1200 hp. . 

Diameter of drivers 48 in. 

Maximum tractive effort at 22 per cent 44,000 lb. 

818. The locomotive shown in Fig. 70 is for use with d.c. motors using 
forced ventilation, the intake being through the grid shown in the top <» 
the cab. The design, however, lends itself equally well to the use of a.c. 
motors of the geared type, and locomotives of this type can operate with 
equal satisfaction in moderate speed passenger service where the maximum 
speed does not greatly exceed 60 miles per hr. The bogie truck construc- 
tion is especially adapted to locomotive operation around sharp curves or 
at high speeds on tangents, hence the type in Fig. 79 is universal in ite 
ebturactenBtien. 
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tit. An the •bovs loeomotivM shown on more «peclsl1y adiipted to 
frell^C hkUUce at modm&to IpMda. The electriScatioD of the New 
YorlTCeDtTal 'Amuaul Bud the approaching eleclrificalJoD of other steam 
railroad tenniiiala has led to Uie niloption of electric locomotives suitabl* 
tor the huilace of paMcnKar Ualni at Uch ipeed. 

IM. laFiR.SOtherelsindicatedasde view of the New York CentrU 
type of loeomOtlTa which is unique, due to the fact that motors of the 




Fio. 80. — 200,0D0-1b. ebotrio locomotive (dimenBioDB, Bee Fig. T). 

tf idup axle without the intervention of upringi or flerible nipports of 

Dfthelo<!omoIiveframe<FiE.ei). The flux generated by the field coils trav- 
■eturolng partly by the overhesd path indiCBtal 



artly through the field frat 
depee of simphcity 



Tiie gearle 






of Uif^^rirtn 



drtvi ff y1 ™ » Ih fl II f fh f H vi I enttliiniti 

Oa liisd wheel base of t^ loramotive, and there is aimed at either end » 




Flo. SI.— Section through frame of N. Y. C. locon 

pon^ truck to facilitate the rounding of curves and make 1 

batter adapted for high speed operation. 

SU. In Fig. so at) limiUnE dlmwillont of a loeamotive are given, kiu 

Hie following d&tft apply; 

Total weight of locomotive 200,000 lb. 

W«ght on drivers 140,000 " 

Wdghc on guiding trueks, . 00,000 '^ 

Weight Ot mt^inLTii/vil oQi^pmeat , .................... .YW^S^f^ ^. 
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____ —A iw9 
Total whsel bss 
Tai&l oapacit^. . 



27 ft 

■ 2200 hp. 

TjTK ot m^"- ■ " '. ■'. .'.'.'.'.'.'.V.'.'.'.'.'A.t. e«ai^ 



3U. The New York Central Locomotive is de- 
nsnal for TnaTimiim ipssii o[ ■pproximsl«lv 00 
nulee per br., end where extreme hi|li speecis are re- 
QUirBd the type of looomolive ahown in Fig. 83 is 
desirable. 

U>. This type of bl^ ipMd looomoCiT* com- 
ing'y two 44 ineh tSvine B«ie« apA two 33"S"h 

w'tLt oiTthe Nel"Y™ "otMraf l™™iiv™ s^ 
tlie eaml i^fS ^ the New^oX Cent^t^.'* 

As Chsjtype of locomotJTe imliutccl in Fie. 83 
repreiiBQia the trend ot locomotlTt dedgn ror very 
hlKh ipaeil wurlc, the following data are given: 
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Fio. 83. — lIO-tOD loeomotivB, high Bpeed. 
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ELECTRIC TRACTIOK. See. 13.-325. 

I, the type of locomotive indicated in F^s. 74 is equally adaptable to 
n sBVwal interurban ayatema equipped with higb potential a.c. trolley. 






liiB a.c. sin^e-plisae nr 

Total wosht of loo 

Lenglh rispd wheel bi 

Number ot molora 
Puwer ps- motor oi 
Piequeoej' 



ire suspended on i 

ot the motor framt 

L the truali: at Uie oIIibt end. 
81B. TIUH«rTork,N«wHftV«nfc -^— 
HartfOEd Ootiq»I17 is inetallipg eleo> 



Is the nn^e-phew 
■ting at 25 cyclee I 
volt troUey.. ar-* 



methnd of suapeamoD adopied. The 

reeting upon two two-aile bo^e truclc^ 
Each aJtle ie equipped with a gearleae 
luot^ir of the Hingle-phafle oompeoHated 
type, the motor armature not bein« 
mouniHi directly on the axle as m the 
case of the New York Central d.c. mot«r 

Krina BuppCTtetf there from with about 
"aghths inch clearance, torque bo- 
Idivered from armature to ariving 

°^eel "spores 



'ilSeell 
engaipng 
through 1 
spoke soc^ubB. 

The foUoirtDS data apply to thii type of locomotive: 

Tjtal neieht 190,000 pound! 

'11 weight on the drive™. 



OperatinK voltage loci 
O^MTatJng voltage per 
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. , 250 hp. 
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hauling of a 200-ton trailing load making a schedule speed of 26 miles per 
hour with stops two miles apart and a maximum speed of 45 miles 
TOr hour on tangent level track. The system is being installed by the 
Westinghouse Company. 

328. The three-phase Induction motor has been proposed and in 
one or two cases aoopted as the type of motor for certain classes of loco- 
motive service. There are no such installations as ^et in the United States, 
but the strong claims of this type of mc^r for certain classes of service make 
it probable that such instailadons will be made in the near future, es- 
p^^y in XQOUlitain gra4e hj"Mflg*^ service. 

329. The motor-generator locomotive has been constructed and tested 
experimentally and offers many advantages for certain classes of work. 
It comprises briefly, a superstructure containing an induction motor gen- 
erator set of either single-phase or three-phase type, furnishing direct 
current at 600 volts for the operation of standard d.c. motors of the geared 
or gearless type, mounted on the axle trucks. The claims for the motor- 
generator set rest on the fact that it makes available all the advantages of 
the standard d.c. motor combined with the advantages of high potential 
transmission over a single trolley wire. This typ>e of locomotive is es- 
pecially adapted for a service extending over hnes equipped partly with 
a.c. trolley and partly with d.c. third rail, as on the d.c. sections the motor 
generator set is cut out and the locomotive operates with the d.c. motors 
fed from the third rail in the standard manner. Owing to the restrictions 
of weight and allowable space imposed it is possible to design motor gen- 
erator sets of a Umited capacity only, and the range of motor generator 
locomotives appears to be hmited within 1000 kw. continuous capacity 
and double this capacity for short i>criods while starting. This output 
applies to a single unit, and it is possible to couple several units togetner 
with multiple-unit control as is done with other types of locomotives. 



DISTBIBTJTING SYSTEMS. 

330. Ttain diagrams represent in graphic form the movement of all 
trains over a given division during the twenty-four hours of operation. 
Such diagrams are usually plotted with distance as ordinates and elapsed 
time as abscissasj^ and they are of the greatest value in determining the 
average and maximum sustained demands upon the distributing and gener- 
ating systems. 

331. The averajse train input for a given service is determined according 
to previously outlined methods so that a train diagram is useful as indicating 
the local demand upon any part of the distribution system during any 




Fig. 85. — ^Typical train sheet (suburban service). 

period of the twenty-four hours and also as giving the means of obtuning 
the total average load upon the entire division covered by the diagram, by 
plotting in curve form the total average kilowatts demanded by the several 
train movements intersecting equally spaced ordinates.^ Thus referring to 
Fig. 85, representing a typical train diagram wherein is depicted the per- 
formance of both local ana express trains, the ordinate, o-o, intersects the 
line of five trains. Assume that the various trains demand the follow* 
ing average input: 

Local passenger 100 kw. 

Express passenger 130 

Fr&ght 21Q " 
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Three local 



Sec 13.-^32. 

nts, therefors, oalli 

..300 kw. 

..130 '^ 

640 kw. 



ig other or(linat«9 upon the twen 



SSS. AsuffeetJne thedistributinKByatem.rallw&r lerrloa msy be divided 

1. Frequent or congested service. 

2. I Dfrequent operation. 

Under class I is grouped all (nty syateme. undergrouud ot elevated roads 
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diatribulJon sysu n must be somewhat diFTereal 
ictiuttonBdUB to starUng o[ ears have little effect 

■apaejty of sub-stations if these are use^ 
lemanded during acceleration 's often tt 



speed and tiius 



Frimaty Systema- 
SaeOndarf ff t tmtU consist of the trolley, third rail or other eoDdaeUng 
feeders connected thereto, and also the track return with its feeders and 
seoondary distributing s^tem are detorminod partly by the momenta^ 



318, For instance, in suburban service a high speed car may be eqidpind 
with molora aggreeating 300 hp. lo the car, anJ the eondiiipn* of »riw» I 
may demiiid an input duiiim aocelerntiou at "Kft Itw., -""isift "Cu* »s»b»i» 



Sec. 13.-337. ELECTRIC TRACTION. 

inpul to the car including acceleration, coasting, braking and standing still 
during stops, may not be much greater than IG^ kw. per car. As the train 
interval is so great that possibly not more than two cars receive power from 
a sub-station at one time, it becomes necessary carefully to determine the 
amount of overload during starting as influencing the conductivity of the 
distributing circuit and the sub-station capacity. On the other hand in city 
service, a sub-station or generating station may feed fifty or more cars and 
individual feeders may carry the load of perhaps fifteen cars, thus, making 
the momentary demand of any one car a matter of small importance. In 
such cases the determination of conductivity and sub-station capacity would 
rest upon the sum of the average load of all the cars. 

337. The permissible drop in voltage of the conducting system between 
car and bus-bar with a specified load determines its conductivity. This 
permissible drop varies under different conditions of operation and types of 
apparatus used. 

Permissible Drop (Approzlmate). 

City systems 8 per cent average 12 per cent maximum 

Suburban d. c. systems. .,...10 ** " " 20 *' " 

Interurban d. c. systems 12 " ** ** 26 « " 

Interurban a c. systems 5** ** " 10** ** ** 

Three-phase induction motor 

systems 5 " " " 10 
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338. The conductivity of the circuit between motors and bus-bar 

is seldom determined by a proper relation of interest on first cost of the 
conducting system and cost of energy lost, as the first cost of the distribution 
conductors so determined is considerably in excess of current practice in 
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FiQ. 87. — No feeders. Fig. 88. — Single feeder. 

this respect. In city systems the average and momentary maximum drop 
are practically the same owing to the small effect of the starting current of 
aery one of the large number of cars controlled by one feeder. In interurban 
systems where generally but two cars are controlled by one feeder the 
maximum fluctuation is much in excess of the average drop. 

339. Feeders are differently grouped according to the demands of the 
service and the physical arrangement of the trolley sections. 

340. The Simplest conducting system to the car upon the track consists 
in that shown in Fig. 87, wherein the trolley is connected direct thiough 
circuit-breakers to the positive bus- bar with no auxiliary feeders, and the 
negative bus is connected to the track return. The trolley is generally sec- 
tioned at the station and each section controlled by an independent feeder 
panel. 

341. Where the trolley conductor itself has not a sufficiently low con- 
ductivity it is reinforced with auxiliary feeders connected to it at frequent 
intervals. The result of such feeder remforcement is simply to incr^Lse the 
conductivity of the trolley circuit and is in effect the same as enlan^ng the 
cross-section of the trolley conductor itself. This grouping is best fitted for 
feeding a small number of units, and is more useful in the operation of su- 
burban or interurban systems than in city work. 

342. The most economical copper distribution for feeding a large 
number of train units would consist in a separate feeder to each train so 

Sroportioned that the drop in all feeders would be equal to the maximum 
rop permissible. As this would be impossible without too great a multi- 
plicity of feeders, the arrangement in Fig. 88 is adopted which is the same 
thing in effect 

343. A better arrangement of the same feeder connection is shown in 
Fig. 90, which is identical to that in Fig. 89, except that the trolley itself is 
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vectioned so that each feeder independently controls a single section of 
trolley and the cars drawing energy from that section. 

844. Trolley sections may be from a few hundred yards to two miles 
or more in length in city service, dep>ending upon the layout of the streets 
and the importance of so sectioning on different streets and different sections 
of the same street, so as to occassion the least possible interruption to general 
traffic in case of failure of any one trolley section or its feeder. 

845. The trolley may be solid throughout as shown in Fig. 80, or preferably 
sectioned as shown in Fig. 90, in which case the different sections are en- 
tirely independent and each feeder and each trolley section is calculated to 
give the limiting I R drop when feeding the maximum group of cars drawing 
energy from that section of the trolley. The d. c. feeder distribution 
shown in Fig. 90, applies more especially to city systems and mav be elabo- 
rated to any extent reauired by the complexity of a large city trolley system. 
Sectionalizing the trolley is desirable from the standi>oint of localizing the 
effect of trolley breaks or grounds, and is necessary in large city systems 
supplying a large number of car units traveling over different routes. Thus 
with the sectionalized system the failure of the trolley on one section will 
not effect the operation of cars on a different route. The ends of trolley 
sections should be brought to a pole and connected to a switch or circuit 
breaker which may be closed if desirable, as in the case of possible failure of 
an individual trolley feeder. These trolley-pole switches may be operated 
manually or electrically from the supply station when located at very im- 
portant points not convenient of access. 





FiQ. 89. — ^Multiple feeders. Fio. 90. — Sectioned trolley. 

346. Calculations of conductor material required for d. c. distribution 
systems necessarily depend upon the voltage drop assumed for the class of 
service under consideration. The standarcTpotential of d. c. generators has 
been raised from the original standard of 500 volts to the present accepted 
practice of 600 volts, flat compounding at the switchboard. A trolley 
potential of 600 volts is in almost universal use for suburban roads, but 
somewhat lower potentials are still used in many city systems where obsolete 
motor equipments having insufficient insulation or poor commutation, will 
not permit the use of higher potentials than 500 to 550 volts. 

347. City serylce demands a feeder distribution capable of taking 
care of rush daily loads without prohibitive drop and also infrequent heavy 
loads on certain sections such as those due to amusement parks, rare courses, 
etc. The rush daily load justifies the expense of feeder conductor per- 
manently installed, but infrequent loads are best taken care of by feeders 
arranged for use with series or shunt boosters in the power house. In other 
words, the infrequent load occurs so seldom that it does not justify the 
expense of a large amount of feeder conductor, which may be inoperative 
during the greater portion of the year. With the pyramidal feeder system. 
Figs. 89 and 90, it is entirely possible to use the outside feeder as a booster 
feeder in case the heavy infrciuent load should occasion a prohibitive drop. 

848. A city feeder system 'should be so 
designed that the voltage of no part of the 
trolley to ground will be more than 100 volts 

lower than that at the switchboard when j . \ \ — i 

momentary fluctuations due to storting ccz I 1 tern 71 I 

are eliminated. This 100 volt average drop Fia. 91. — Use of booster, 
should apply to the rush load occurrinc 

in dally operation. The laying out of a city d. C. net work consists 
in establishing the limits of the territory controlled by each sub- 
station (or generating station if separate stations be used), sectionalizing the 
district according to routes and streets, determining the average load upon 
each isection as obtained from the average input demanded b^ \.W««^«t^<sK^ 
on this section and determining the croaa eectioiL ol >i}icA oocAxk^Xxsc x««>2i^^^ 
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Sec. 13.-349. ELECTRIC TRACTIOS. 

for return feeder sufficient to limit the I R drop including track return, to 
100 volts. In crowded city districts the trolley will be cut up into such 
short sections that the additional I R drop occurring therein will not mar 
terially add to the combined return track and feeder drop of 100 volta. 
For the outlying districts a lesser drop of the feeder will be required in order 
to allow for the larger drop occurring in the longer trolley sections. Trolley 
sections will vary in length depending upon the density of service, street in- 
tersections, etc., ranging from one quarter of a mile up to two miles or more 
in the suburbs. 

349. Gity distrlbation systems thus consist of the following: 

1. A trolley conasting of a grooved copper conductor upheld by so- 
' called cross suspension approximately 20 feet to 22 feet over the center of 

the track. Tliis trolley conductor is sectionalized according to local rr. 
quirements into lengths of from one quarter of a mile to two miles or more. 

2. A feeder system consisting of copp|er conductors extending from the 
several trolley sections to the supply station. The feeders may be under- 
grouad in conduits in the congested sections and carried overhead on poles 
in the suburbs, or in small towns. 

3. A booster in the supply station which can be connected in series with 
any feeder extending to a temporarily overloaded section for the purpose of 
supplying the added voltage required to compensate for the excessive feeder 
and trolley drop. 

4. A track return conidsfing of the track rails bonded at the joints. 

5. Track return feeders consisting of copper conductors reinforcing the 
track at points of greatest drop or at points where the track is negative to 
the neighooring pipes. 

6. PresSTire wires extending to important i)oints on both trolley, track 
and pii>e3, and serving to indicate at all times the potential of the several 
parts of the distribution system. 

Such large city systems are a matter of growth and not of calculation, as 
the practice giving good results in one city may not be directly applicable to 
the different conditions obtaining in another city. 

350. Conduit systems comprise a distribution system wherein the 
overhead trolley is replaced by a double conductor placed in a conduit 
located between the rails. The conductors comprise both positive and 
negative rails and hence there is no track return circuit, thus calling for 
double the number of feeders required with the sectionalized overhead 
trolley used with track return. As both positive and negative rails are 
insulated from ground the conduit systems practically eliminate any ten- 
dencv to stray currents and electrob'sis. Conduit systems are installed to 
avoid the unsightliness of the overhead trolley and can only be considered in 
the largest cities owing to the enormous expense of their installation. 

351. Primary distribution comprises the location of sub-stations and the 
high tension transmission overhead lines or underground cables connecting 
the-n to the generating station bus-bar. Primary transmission systems in- 
variably employ a. c. current, and where synchronous converters or motor- 
generator sets are used, this current is of the three-phase type transmitted 
over three wires or in multiples of three if duplicate circuits are provided 
for. Owing to the novelty of single-phase railway motor distribution sys- 
tenas and the close interconnection of secondary and primary distribution 
systems when applied to a. c. motor operation, this subject will be considered 
later under this 3ame head of primary distribution systems. 

352. Sub-Stations for direct current systems are located at strategic 

points along the Une of travel best suited for secondary distribution. These 
sub-stations may be fed from a common trunk line to which all sub-stations 
are connected, this being common practice in suburban and interurban rail- 
ways operated by direct current motors. In such cases the trunk line pre- 
f erablv consists of two independent circuits, each of which mav be used alone 
providing for continuity of service in case of accidental grounding^ of one set 
of lines. It is common practice also, to interrupt the transmission line at 
each sub-station, providing both incoming and outgoing line panels at each 
sub-station, so that the transmission line troubles may be localized between 
two adjacent subs rather than put a whole trunk line out of commiasioQ due 
to the fault of any portion thereof. 
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353. In dty systems or in interurban systems where the traffic is very 
heavy and freedom from interruption of service of greatest importance, 
it is good practice to connect each sub-station to the generating station bus- 
bar mrough its own transmission line or underground cable. In fact, if the 
sub-station is very large this divisibility of the transmission circuit is 
sometimes carried to the extreme of providing each sub-station with several 
cables connected either to individual synchronous converters or to different 
bus-bar sections, each section controlling two or more synchronous convert- 
ers. It is evident that this multiplicity of high tension transmission lines 
or cables can be made use of only in very large and important city or inter- 
urban systems taking care of a very congested traffic. 

354. A. 0. Single-phase railway motor systems are best provided for 
by single-phase generation and transmission, owing to the simplicity of 
single-phase connections throughout the system. The method of con- 
necting the various a. c. sub-stations to the generating station consists 
generstlly in tying all sub-stations to a single trunk line through circuit 
breakers designed to oi>en on short circuit only. Individual transmission 
lines to each sub-station may be preferable under certain conditions, but 
multiplicity of transmission circuits is generally to be discouraged owing to 
the considerable increase in cost over a single or duplicate trunk line. 

355. Owing to the enormous aggr^ate kilowatt capacity of three-phase 25- 
cycle generators already in operation for electric railway work and due to the 
fact that single-phase railway installations are often an extension of existing 
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Fig. 93. — Straight 1-phaae. 
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Fio. 92. — Sub-station system. 



Fig. 94. — S-phase to l-phase. 



d.c. systems, it becomes necessary to consider the different systems of 

grimary distribution for a.c. roads operating from three-phase genera- 
Drs. The simplest means is to use one leg of the three-phase system for 
the a.c. railway distribution, that is, treat the generator as a single-phase 
machine and carry out the transmission scheme and sub-station connections 
in all respects as though the other two legs of the three-phase generator did 
not exist. In this case the connections will be as described above for single- 
phase generators. The objection to this method of connections is the re- 
duction of three-phase generator capacity resulting when operating single- 
phase. For the same heating the single-phase output of a three-phase 
generator will approximate two-thirds of its three-phase output on balanced 
load. Although single-phase distribution is simplest, the resulting reduction 
in generator capacity may be so serious in certain installations as to neces- 
sitate the consideration of three-phase distribution to the transformer sub- 
stations. 

^356. Where the road is of extended length, the secondary distribution or 
trolley circuit may be divided into sections and each section fed from a 
separate phase of the three-phase primary distribution system. This system 
of connections secures all the benefits of three-phase generation and trans- 
mission, provided the load is equally balanced upon the several trolley sec- 
tions, but requires double the conductivity in the secondary distribution 
system owing to the impossibility of tving sub-stations solidly together so 
that trains midway between sub-stations will draw equally on both. 

357. A modification of the three-phase single-phaift f^vx\^<l^»^&5s^ 

Qoxmections is shown in fig. 95, wheievu e8i.O^ &>]2QH&\A>^<Qia ^josQ^aAiSiSk ^s^^ 
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transformers connected in open delta so that correspomfing phases feed 
each end of a trolley section and each succeeding trolley section will o(»r- 
respond to the different phases of the three-phase pnmary distributioiu 
This method of connection is often open to the objection that the road is 
not of sufficient length to permit of dividing into a sufficient number of 
equally loaded, sections to correspond to the three transmission phases 
or multiple thereof. 

358. Three-phase two-phase transformer eonneotlon can be used 

where the road is of Hmited extent, and consists in emplojdng the three- 
phase two-phase connection of sub-station transformer feeding the two- 
phases to adjacent trolley sections, so that corresponding phases will be 
fed to a given trolley section from the transformer sub-station at its terminals. 
This system of connections will not provide perfect balance upon the three- 
phase side of the transformers unless the loads are balanced upon the 
several trolley sections. Sufficient balancing, however, may be obtained in 
the majority of cases, and this system of connection is in quite extended use. 

359. Two-phase generators may be used to supply single-phase railway 

distribution systems by sending out transmission hnes from the two phases 
in different directions, thus amounting in principle to two separate single- 
phase transmission systems. This connection is open to the objection that 
unless the loads are perfectly balanced upon the two phases, the voltage 
regulation will be very poor and in cases of generators having poor inherent 
r^ulation, it may reach such proportions as to -endanger tne lamps and 
general operation of the equipments. 

360. In general a new railway system favorable for the operation of 
a.c. motors op>erates to best advantage with the single-phase system <A 
generation and transmission where the contemplated road has no future 








Fia. 95. — 3-phaae to 1-phase. Fig. 96. — 3-pha8e to l-phase. 

connections with neighboring systems and is free from entanglements, such 
as power distribution, operation of synchronous converters, etc., requiring 
multiphase generation and distribution. Where it is advisable to provide 
for the future utiUzation of three-phase power, three-phase generators may 
be installed, operating either on one leg as single-phase generators or using 
all three legs in connection with three-phase two-phase transformer con- 
nections in the sub-stations in order to provide for reasonably good balanc- 
ing of the three-phase primary distribution. 

361. Three-phase induction motor systems may employ the same 
method of sub-station connections and primary distribution as outlined 
under the head of synchronous converter sub-stations for d.c. motor systems. 
Owing to the fact, however, that transformer sub-stations of all kinds may 
be operated without attendance, such sub-stations are best connected to a 
m^n trunk line through circuit breakers operated by relays desired to open 
only on short circuit. Where the control of the sub-station is extremely 
important, attendance should be supplied or each individual sub-station 
should be connected to the generating station by separate transmission unss 
having automatic control at the generating end only. In all cases the 
trolley or secondary connection to the transformer sub-station should be 
safe guarded by automatic switches designed to open at short circuit. 

362. Resistance of trolley circuits is dependent upon the weight of 
trolley copper and track rail, and also upon the composition and bonding of 
the latter. Trolley conductors are either 00, 000, or 0000 B. and 8.. the 
smallest size bdng seldom used owing to its lack of strength and the diffi- 
culty of clamping its small diameter. 

363. Track rails contain as high as 0.40 to 0.50 per cent, carbon and 0.70 
per cent, manganese, these two elements largely- effecting the specifip rerist- 

sjaoe^ hence etandard track rail may be taken at appioixim&tQly 20 miorohini 
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per centimeter cube* when bonded ^th bonds haidng half the conductivity 
of the rail. 

864. Trolley and Track Resistance per MUe. 



Track Rail 


Ohms Re- 


000 Trolley 


0000 Trolley 




sistance 2 rails 


and 2 rails 


and 2 Rails 


50 lb. per yd 


0.053 


0.383 


0.313 


60 " " ** 


0.044 


0.374 


0.304 


70 " " " 


0.038 


0.368 


0.298 


80 - * " 


0.033 


0.363 


0.293 


90 - - - 


0.030 


0.360 


0.290 


100 " * * 


0.027 


0.357 


0.287 


110 - " - 


0.024 


0.354 


0.284 



000 Trolley - 0.33 ohms. 0000 Trolley = 0.26 ohms. 

865. The use of alternating current in the trolley and rail-circuit ne- 
cessitates some modification in the above values as the resistance is increased 
by reason of the inductive reactance of both trolley and rail and due also to 
eddy currents set up in the rail itself. 

866. The Impedance of a rail depends in a considerable degree 
upon its chemical composition, a reduction in permeabilitv also reducing 
the intea*nal losses. ^ In general the action is a skin effect and the impedance 
and reastance are inversely proportional to the perimeter of the rail and 
proi)ortional to the square root of the frequency. This proportion assumes 
an unbroken rail and the introduction of short lengths of rail bonded together 
calls for modifications. Thus at 25 cycles the impedance of track r^l of 
standard outline and compodtion is approximately eight times the ohmio 
resistance offered to the passage of d.c. current, and at 15 cycles a ratio of 
6.2, etc. The power factor at either frequency is approximately 86 per 
cent. Considering a track circuit with bonding, experimental results show 
an impedance at 25 cycles of 6.6 times the resistance with d.c. current. 

367. In addition to the increased impedance of the rail itself, the im- 
pedance Of the overhead trolley conductor is abo increased by reason of 
its reactance when carrying alternating current. Tests made upon a 000 
and 0000 conductor indicate an increase in impedance of 1.5 the ohmic 
resistance with d.c. current. 

868. Track Bail Impedance 25 Cycles (see 869). 

Ratio a.c. to d.c. » 6.6 = 1 
Weight of rail 

lb .per yd. 60 70 80 90 100 110 



Impedance 
ohms per 
mile2rails 0.291 0.251 0.218 0.198 

000 Trolley = .495 ohms. Ratio to d.c. 1.5 

0000 Trolley = .390 ohms. « • « « 

K Table (868) is based upon the following constants: 

Hdght of trolley above track approximately 20 ft. 
Gauge of track standard 
Power factor of circuit 
Average power factor of load 



0.179 0.115 



4 ft. 8i in. 
80 per cent. 
80 per cent. 



870. The height of trolley above rail citn be varied somewhat from the 
20 ft. assumed without introducing an appreciable error. The power 
factor of 80 ^er cent, assumed for the load is somewhat lower than would be 
experienced in a well proportioned a.c. railway installation, but the small 
error of four or five per cent, introduced by assuming full itru^d'a.'aRfc ^a^ «:^. 



'^A cube wiiose fiide<- 1 cm. 
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reidt is jiutiliablc i 



tbe trollsy and rail dreidt is jiutiliablc in makins prelin 
when the fhmrmftmr (^ load caiiuot iie very cloeely aeterii 
■71. T10U9 eonstnietUoi may be divided iuui tm broad cl 

1. Span Caaatrucliaii. 

2. Bnukst CoDsIructioD. 



lireclly from the span wire through 

' be auspended from agalvanlied nU ^ -- 

y the epao wire. Span construotJOD may be u^^^(« prov>di 

is preferoUe UiaC the si Je poki 



mth'nTpre tl 




The use of thi 
curaly elipping it 
•eJf which «nir U 
high speed opera 
, ST4. The use of flcure S wira is open t. 

very difficult to handle during installatjon, although it 
aSonis a ready means of fanteninE and leaves a deaa 

3TB. The grooved troUeywrn is in greatest use and 
cieatly deep to permit nnpping by atnustable clao^ps or 
reeled and inatalied, and presents all the advantages of a 
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trolley wire dther direct or by means of a steel catenary cable. The pole is 
generally of wood, and the best construction provides for anchoring each pole 
to guard against lateral strains due to wind and the unbalanced weight of 
the overhung trolley. 

377. The trolley is not generally attached directly to the projecting arm or 
bracket, but to a flexible cable attached thereto, whose office is to provide 
for the needed amount of flexibihty. Span construction is more flexible 





Fig. 100. — Two-track bracket construction. Fig. 101. — Combination pole. 

than is bracket construction but by use of the flexible bracket cable, the 
latter can be made sufficiently cushioned to permit the operation of trolley 
wheels up to 60 miles per hour. , 

378. Catenary construotion has been brought into prominenoe with 
the development of the a.c. motor but its application is not confined to a.o. 
motor installation as its excellent mechanical qualities are of equal benefit 
in the case of high speed d.c. motor installations. Catenary construction 




Fig. 102. — ^Three-point catenary suspension-^-tangent. 



oomprises either a span or bracket-supporting structure over which is hung a 
stranded galvanized steel cable loosely suspended with twenty inches or 
more drop between supports, thus giving rise to the term catenary. From 
this catenary or messenger cable is suspended the grooved trolley wire by 
means of hangers of different lengths, the number of these hangers varying 
from a minimum of three between supports to a maximum of a hanciu: ^"^^st^ 
fourteen feet, the object being to secure a praAt.\Q«.VL>) ^N. Xx^J^sspi '^fo* ^ 
equal height at adl points above the track, 
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an. Tha nszIblB luipan^OE Of a oatentry-hunK tnUeraod tha flat 

for tha operatjon of high epee<l equipcnerits w^einher thfliw be of the a.o. or 
d.c. type. This form of uunsiiiii^iiou is furLhermors eepecikllv adspted to 
witbatHud the higli voltage atre»s of the Iruliey volt(l«a employad id a.0. ■ 

ally suapendod irom poroelaia losulalora of the high poteatial tmomuBBiDn 
type, formina both a alcong mechaaicaJ structure and having high pressure 

Fio. 103.— Three-point oat«D»ry suapen^on — curve. 

3S0. With catenary conatruotioD it is possible Ut adopt a sreatar apadDf 
between supports than ie cuaiomarjf with the self supporting trolley wiia 

sai- DUtane* Betw«en Snpportf on TancanU. 

Self supporting trolley 

Catenary wooJen pole brai 
Catepsry steel pole biacke 
Catenary Bteel bridge cone 

SSI. With wooden I 




Fia. KM.— Catenary o 
583. The onlv limit placed 
upon the dlitaooe lietween lupport* in catenary oomtmstion on tut. 
gent track is the liability of lon^ spaus to considerable latenl away. TU> 
„ ..J : t 1 — .,._ .__ii_.. '—m a double oataDary eon- 



as it reouires additions! pull-off poles aud considf 

SSt. StandanI ttollay potanUali tn OM: 

600 Volts d.0. 

1300 Volts d.c 

3300 Volte a.0. 

6600 Volts a.e. 

11000 Volts a.0. 

The a.e. trolley potentja) of 3W0 volts has been med in eereral InstaUaUosa 

butiabeinEsupeTBededby SeOOvoltain tbennatler, and 11,000 volts in tha 

larger inst^lations. 

US. OollMitliic davteat tor use irlth overhead troHey may ba dMdad 
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386. Tlie trolley wheel consists of a grooved wheel of composition metal 
ran^ng from 3.5 inches to 6 incnes in diameter depending upon whether the 
service is low or high speed. Wheels are carried on a self-lubricating bearing 
and press against the trolley at pressures from 15 to 40 lb. depending upon the 
maximum speed of the equipment, this i)ressure being maintained through- 
out a wide range in height of trolley wire in order to provide for reduction in 
standard height of 22 ft. made necessary when going beneath bridges, 
culverts, etc. 

887. Approximate Life of Trolley Wheels. 

City Service 25 miles per hr. maximum 11,000 miles 

Suburban Service 35 miles per hr. maximum 6,000 " 

Interurban Service 50 miles per hr. maximum 3,500 ** 

High speed service 60 miles per hr. maximum 2,000 " 




FiQ. 105. — Double catenary construction. 



888. The current capacity of the trolley is determined by its speed and 
the pressure of contact between wheel and wire, the higher the speed the 
greater the pressure necessary to maintain contact without arcing. High 
speed also demands a very nicely balanced wheel and the maximum speed at 
which trolley wheels are used correspond to a car speed of 60 miles per hr 

889. Current Capacity of Wheels (see 390). 

Speed in Miles per 

hr. 5 10 20 30 40 50 60 

Current Capacity 

in amperes. 1000 850 650 550 400 300 200 

890. Table (889) is compiled 
on the bans of maximum cur- 
rent carrying capacity at the 
different speeds with trolley 
and wheel in good condition, 
with wheel balanced for the 
higher speeds and with pres- 
sure varying from 20 to 40 lb. 
between trolley and trolley 
wheels* 

391. At the higher fpeed8 

it is absolutely necessary that 

the trolley suspension be 

very flexible, preferabl}^ hung 

from a catenary and with the 

clip fastening the trolley wire 

of as light weight as possible in order to minimize the blow of the trolley 

wheel striking it. 

39S. Boilers are sometimes used in place of trolley wheels where it is 
desired to make use of a reversible collecting construction or wK«x«k -Mck!^ . 
troUey potential ie 80 tdgh as to make it d«sai^\Aft >i}c\a.\> ^ «^\x\x^ ^\ ''Qb^ ^ 




FiQ. 106.— No. 12 fork; No 17 wheel. 
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graph bow is preferable for a.c. roads as it permits reversal of the oar direo- 
tion without reversing the trolley, and furthermore, by reason of the parallel 
motion introduced, it does not interfere with trolley construction. 

396. Tblrd-rail COnitruotion mjty be divided into two broad classes: 

1. Overrunning Contact. 2. Underrunning Contact. 

397. Oyerrunning contact third rails were the first introduced and are 
in more general use. The construction consists essentially in supporting a 
steel rail of either standard 
track or special composition 
upon insulators placed every 
tea feet. These insulators rest 
on supports carried upon pro- 
jecting ties. Rails are joined 

ODsely by fish plates and are 
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FiQ. 110. — Third rail, unprotected. 



bonded and at intervals are thoroughly anchored to prevent creepage. 
N.kiitact is made with the collecting surface of the rail by means of a tnird- 
rail shoe suspended from the trucks of the car or locomotive. 

393. Protected third-rail 

construction is a modification 

of the above and consists in 

providing a wooden or metal 

shield over the rail in order to 

protect it from snow and sleet Fxq. m —Third rail, protected. 

or accidental contact, the rest 

of the construction being identical with that outlined above. 

399. Data Regarding Location of Third Bail on Different Electric 

Railways. 




Name of Road 



Above Track 
Rail, Inches 



Al >any and Hudson 

Aurora, Elgin and Chicago 

Baltimore and Ohio 

Berlin Elevated and Underground 

Boston Elevated 

Brooklyn Elevated 

Central London 

Columbus, Buckeye Lake and Newark. . 

Columbus. London and Springfield 

1 iterborough Rapid Transit 

Kings County Elevated, Brooklyn 

Lackawanna and Wyoming Valley 

Lake Street Elevated, Chicago 

Ijverpool Overhead Railway 

liong Island Railway 

Manhattan Elevated (Fig. 110) 

Meraev Railway 

Metropolitan and EKstrict 

Metropolitan West Side, Chicago 

Milan Gallarate 

New York Central (Fig. 112) 

Northeastern 

North Western Elevated, Chicago 

Piiris-Orleans 

P iiiadelphia and Western 

Philadelphia Rapid Transit 

South Side Elevated, Chicago 

vVaterloo and City 

West Jersey and Seashore 

West Shore Railroad 

WMkAsharre and Hazelton (Fig. 111). 

(29) ^^ 



6.0 

6.50 

3.5 

7.05 

6.0 

6.00 

1.50 

6.0 

6.0 

4.0 

5.25 

6.0 

6.50 

1.50 

3.50 

7.75 

4.50 

3.00 
/ 1.50 
1 6. .50 

7.5 

2.75 

3.25 

6.50 

7.125 

3.625 

3.625 

6.50 
same level 

3.50 

2.75 

?^ ^ 



Gauge Line 

to 
(Center Line 

of 
Rail, Inches 



\ 



27.0 

20.12 

30.0 

14.375 

k2.0 

22.00 

At denter 

27.0 

27.0 

26.U 

19.50 

20.37 

20.12 

at center 

27.5 

20.75 

22.0 

16.00 

at center 

20.12 

26.625 

28.25 

19.25 

20.12 

25.625 

27.00 

27.00 

20.12 

28.25 

27.5 
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400. The location of the third rail is determined by pl^nneal character* 
istics of the rail and by the character of the rolling stock pasains over it, that 
is, sufficient clearance must be provided to allow the passage of low pressure 
locomotive cylinders, hopper cars, etc., and also the third rail must be laid 
to provide sufficient clearance through tunnels, etc. The distance from 
track ^auge line to center of third rail varies from 20 inches to 28 inches and 
the heighth above track is from zero inches to nearly 8 inches. The smaller 
distances apply to elevated and subway roads operating only one class of 
rolling stock, and the greater distances apply to interurban lines or elec- 
trified steam lines where provision must be made for the passage of all 
classes of freight cars and possible steam locomotives. 

401. Juxnpem are used to connect the third rail severed at orosangs and 
consist of copper cables bonded to the rail and extending through under- 
ground conduits. Jumper cables are heavily insulated, are lead covered and 
enter the ground through solidly constructed concrete structures. 

402. Insulators consist either of impr^nated wooden blocks, recon- 
structed granite or porcelain, designed to oe held in chairs fastened to elon- 

?;ated ties and forming a loose support for the third rail. In order to provide 
or elongation of third rail caused by extremes in temperature there is no 
solid fastening between the third rail and its insulating support, and jum.per8 
must be of sufficient length to allow for creepage. 

403. Protected rail construction provides for either wood or channel 
iron covering placed sufficiently above the rail to allow passage of the third 
rail shoe. The' wood or iron protection is supported by uprights placed every 
ten feet or more, and such protection is usually substantifu enough to bear 
the weight of a man midway between supports. 

404. Under running 
third rails of the pro- 
tected type, first installed 
on the New York Central 
R.R., offer some advan- 
tage over the overrunning 
type in r^ard to better 
protection against acci- 



S 



Fig. 112. — ^Third rail, underrunning. 



dental contact and against sleet and snow. The contact surface being the 
under side, is self cleaning and this form of third rail has successfully oper- 
ated through heavy snows completely covering the third rail structure. 

405. Leakage from third rail is extremely small and may be nei^ected 

unless the road bed should 
be deeply impregnated 
with salt. Even though 
the third rail be covered 
with snow it is found that 
the leakage is too small to 
constitute a noticable item 
of expense. 

406. Bonding of the 
third rail is treated under 
track bonding (see 427). 

407. Third-rail shoes 

are of two general types, 
those acquiring thdr pres- 
sure by gravity and those 
actuated by means of 
springs. The unprotected 
overrunning third rail was 
first used in conjunction 
with gravity shoes and in 
many installations this 
form of shoe is still in op- 
eration. Where ituls are 
protected it is necessary 
to provide a form of shoe which will operate in the limited space between 
rail and protection, and such shoes are hinged and actuated oy springs in 
order to provide the necessary pressure. 

S90 




FiQ. 113. — Shoe for standard and inverted rail. 
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408. Current capacity of third-rail shoes is much in excess of that of any 
form of overhead current collector, especially in regard to current capacity at 
high speeds. Tests have been made which indicate that electricity may be 
collected at the rate of 2000 amperes from a single shoe at a speed of 35 miles 
per hr., and 500 amperes at a speed of 70 miles per hr. 

Owing to the considerable wearing surface of a cast iron shoe its life may 
be taken as exceeding 25,000 miles. 

409. Conduotiyity of the third rail depends u|>on its composition, and 
it is sometimes the practice to roll third rails of special composition in order 
to increase their conductivity. The specific resistance of steel has been 
found to be proportional to the per cent of manganese and carbon which it 
contains. Of these two elements manganese is the most objectionable, and 
the standard track rail* contains from 0.40 to 0.50 per cent carbon and as high 
as 0.70 manganese which gives it a specific resistance ranging from ten to 
twelve times that of pure copper. As samples of special composition third 
rails the Table (410) is given containing data from three installations in the 
United States. 

410. Composition of Special Third Balls. 



Material 


Manhattan 
Railway 


New York 
Subway 


Albany 

and 
Hudson 


Carbon 


0.073 
0.340 
0.073 
0.069 

07.7 


0.10 
0.60 
0.05 
0.10 

8.0 


0.090 


Manicanese 


0.440 


SulDuur 


0.08 


Fhosohorus 


0.088 


Ratio of resistsmce compared to 
copper 


7.25 



411. Suggested Third-Bail Composition. 

Carbon not to exceed . 12 per cent. 

Manganese not to exceed 0.40 " 

Sulphur not to exceed .05 ** 

Phosphorus not to exceed . 10 ** 

412. The specific resistance of a third rail of composition ^ven in Table 
(411) will be approximately 14 michroms per centimeter cube* at 20 degrees 
G, or seven and!^ three-quarters times that of commercial copper. 

413. Including bonds. Table (414) is compiled as being representative of 
third rail rolled according to specifications in Table (411) for special rail 
giving 14 microhms per centimeter cube and for a track rail a composition 
giving 20 microhms per centimeter cube.* 

414. Besistance of Balls Including Bonds (see 413 and 415). 
Weight of rail lb. per 

Third rail resistance 

ohms per mile 0.093 0.074 0.062 0.053 0.046 0.042 0.038 0.034 

Two track rails re- 
sistance ohms per 
mile 0.066 0.053 0.044 0.038 0.033 0.033 0.027 0.024 

415. Table (414) is based upon the use of 9 inch bonds having a canning 
capacity equal to one-half that of the rail. 

416. Third-rail maintenance is a very small rtem as tests have shown 
the rail to wear an extremely small amount, even in very heavy service. 
Tests taken show that the passage of 2,000,000 third rail shoes resulted in 
wearing away 0.006 inches of special soft rail. The maintenance of a third 
rail includes such items of expense as maintaining the bonding, alignment, 
and insulators in good condition together with the upkeep of jumpers and 
the cables. This expense has been found in practice to oe very small and 



40 50 60 70 80 90 100 110 



*Meaiung cube whoee side « 1 cm. 
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the low muntenance charge of third rails together with the possibility 
wliich such a system ofifers for handling unlimited current values at any 
speed constitute the strongest arguments in favor of its adoption. 

417. Protection against tleet and snow is affected directly by the 
various forms of protected third rail, and it has been found that especially 
the underrunning type can operate in snow entirely surrounding the third 
rail without difficulty owing to the fact that the under contact surface of 
the rail is selfcleaning. 

With the various forms of exposed overrunning rail it has been found 
that the accummulation of sleet may be prevented by the use of calcium 
chloride mixed with water in the proportion of one pound to five gallons 
and sprayed upon the rail at intervals of not more than two hours durinis 
the continuance of the storm. 

418. Conduit systems are in use only in the very largest cities owing to 
the enormous expense of their installation. Such systems consist in the 
location of two third rails or conductors placed in a conduit located between 
the track rails, contact being established by means of a plough extending 
through a slot opening of the conduit. As the plough carries both the pon^ 
tive and negative contacts there is no track return and hence the con- 
ductivity of the track as return feeder is lost. 

419. Conduit systems are installed in city streets where the congestion 
of travel is sufficiently heavy to warrant the large expense and where the use 
of overhead wires is objectionable. As conauit systems are essentially 
double trolley sj'stems, the feeder net work is double that required for an 
overhead trolley with track return. Both conductor rails are controlled by 
separate feeders, are divided into sections as previously indicated for city 
trolley systems, and each section with its feeders is controlled by double- 
throw switches so that it may be made either positive or n^ative at will. 
With this arrangement of double throw switches it becomes possibe to throw 
all temporary grounded sections on the same polarity bus and thus prevent 
possible short circuits due to simultaneous grounding of a positive and a 
negative conduit conductor. 

420. Double-trolley systems are installed to a limited extent in city 
streets in order to prevent any liability to electrolysis possible with the single- 
trolley track return system. Such systems call for double collectors and 
double-trolley construction which becomes complicated and expensive to 
maintain in city streets. One trolley is positive the other negative, so that 
the track is not utilized for return and hence does not have to be bonded. 

421. Double-trolley systemj or double third rail systems are sometimee 
used in conjunction With three-phase induction motor equipments requir- 
ing three conductors in which case the track acts as the tmrd leg of the tri- 
angle. Such systems usually employ several thousand volts upon the trolley 
wires, employ the catenary overhead construction, and are as yet in very 
limited use. 

422. Three-wire systems comprise two overhead trollejrs having a 
difference of 1200 volts between them and 600 volts each to ground. In this 
case the car equipment consists of two separate 600-volt motor equipments 
including control, connection being estabUshed with the track as a neutral. 
Such systems can therefore operate either as 600-volt from either or both 
trolleys, or as a straight 1200 volt system trolley-to-trolley with the track 
acting as a neutral and carrying practically no current. Where there is no 
restriction placed upon the voltage drop in track return such systems suffer 
in comparative first cost with the single trolley system. 

423. It is almost the universal custom in electric railway systems to 
utilize one or both rails of the tracks as a return circuit to the generat- 
ing station. It was early found that the ground itself or even adjacent 
bodies of water constituted a return circuit of such high resistance as to be of 
little practical use, and hence the necessity for a carefully bonded track 
return circuit reinforced by feeders where necessary. 

The COndUOtiYlty of track is given under third rails. (See 414). 

424. Electrolysis. Although the track is partially insulated from the 
ground by wooden ties it is found that in city streets there is a tendency for 
considerable leakage to neighboring pipes giving rise in some extreme 
Closes to very rapid deterioration. The causes underlying electrolysis, at 
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first very imperfectly understood, appear to be that apparently pipe Hnes in 
some cases act as a path of lower resistance than the track itself, causing a 
tendency of the electricity to flow from the track to the pipes. When the 
pipe is negative to the rail, 
that is, when electricity enters 
the pipe, there is no tendency 
to electrolysis, but at certain 
points where the track be- 
comes a better conductor than 
the rail and the electricity 
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Fig. 115. — ^Negative booster. 
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flows again from pipe to rail, Fig. 114.— Stray current distribution, 
electrolysis will take place. 

425. To limit the liability to electrolysit, certain local regulations 
restrict the drop in the track-return circuit to seven volts maximum, thus 
calling for very heavy track return feeders and in some cases of the installa- 
tion of track return boosters. En- 
forcement of this regulation may not 
necessarily entirely cure electrolysis 
trouble, and a better protection seems 
to be aflforded by foUowing out the 
method outlined herewith. 

426. Pressure wires should be run 
to neighboring pipes tapping them at 
frequent intervals and also tapping 

the track rails in the same locality. It is thus posable for a station at- 
tendant to read the voltage between track and pipes at any time during 
the day and throw in or out track feeders as demanded by the degree of 
variation and the polarity 
of the pipe in respect to 
the track. If the track is 
too ^ood a conductor in 
certain localities it will 
cause electrolysis in the 
neighboring pipes, so that 
it is possible to install too 
good a track return and 
thus defeat the purpose 
for which the return feed- 
ers were installed. Instead 
of track feeders being con- 
nected direct to the nega- 
tive bus, these may feed 
through series boosters in 
orderto economize in return 
conductors. 

427. Bail bonding consists in establishing contact, rul to rul, in order to 
utilize to the fullest extent the conductivity of the rail as a return circuit 
or as a third rail.^ The contact resistance of fish plates is so ^eat as to 
amount to a practical open circuit, hence the need of a bonded joint of good 
conductivity. 

428. The question of bonding has largely resolved itself into the me- 
chanical problem of maintaining a low resistance contact that will withstand 
the constant pounding and extreme changes in temperature to which the 
joint is subjected under operating conditions. 

429. Types of Bonds. 

1. Expanded Terminal Bonds. 4. Cast Welding. 

2. Soldered, Braized or Welded Bond. 5. Electric Welding. 

3. Amalgam Bonds. 6. Thermite Process. 

430. Expanded terminal bonds comprise all those which depend upon 
expanding a soft copper core into contact with the rail through a hole in the 
weo or flange. The size of hole in the rail varies with the capacity and type 
of bond used, ranging from | of an inch to 1 inch in diameter. There are two 
general types of expanded terminal bonds. 

481. Tlie steel core bondxsomprises a soft steel center \t^s«x\AdvGk.^5>^$^ 
head and so desigzied that when placed in ti\ie xaiV mjA. v^^asKaft^wJ^^^-*^®** 
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FiQ. 116.^Track feeders and pilot wires. 
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expansioD of the steel core center will force the copper head into close con« 
tact with the rail. This type of bond has been largely superseded by the 
all copper bond. 

432. The second type of expanded terminal l>ond comprises two 
solid copp^ heads or terminals into which is forged a laminated copper 
conductor joining the two. When the bond is in place and pressure 
applied, the soft copper head is expanded into close contact with the raiL 
Bonds of the expanded terminal type are designed for use either beneath the 
fish plate or under the flange of the rail, or are made of sufficient length to 
span the fish plate. Where the conductor joining the terminals is of con- 
siderable length as in cross bonding, it is sometimes made of solid copper wire 
but a stranded or laminated conductor is absolutely necessary where the 
bond is short and must conform to rail deflection at the joint.' 

433. Soldered bonds have been introduced, in some cases successfully, 
and comprise a laminated copper conductor terminating in two solid heads 
joined to the rail by soldering, brazing or welding. The bond is attached 
to the head of the rail on the outside or to the flange of the rail. In either 
case it is exposed to view, which facilitates inspection and renewals but also 
renders the bond liable to theft. It is difficult tb obtain a contact by 
soldering that will withstand constant vibration, but brazed and welded 
bonds appear to be freer from this objection. Where good contact can be 
secured the accessibility and cheapness of this method of bonding recom- 
mends it. 

434. Both the expanded terminal and soldered bonds are universally used 
for bondingthe track and third rail of city and interurban electric railway 
systems. While the soldered bond is cheaper and has many qualitaee 
recommending its adoption, its use on T rails laid on surface ties is open to 
the objection that it is relatively easy of removal which renders it liable to 
theft. Hence the expanded terminal bond, placed beneath the fish plate 
is preferable with an exposed rail. 

435. The selection of bonding for a ^ven road depends both upon 
current capacity and contact resistance desired, and is determined by the 
class of service involved. 

436. The contact resistance of a ringle 9-inch 4/0 bond of expanded 
terminal t>^ in good condition is approximately 0.00003 ohms. Hence the 
relative resistance of bonded joints and track itself is approximately as given 
in (437). 

437. Resistance per Mile of 70 lb. Track, Including Bonds. 

1 Mile 70-lb. track (2 rails) at 19 microhms per centimeter 

cube* — .0361 ohms 

Single bonding 176 joints at 0.000015 ohms (2 rails) » .0026 " 

Total per mile of bonded track « 0.0387 ohms 

438. It is evident from (437) that the joint resistance of a well bonded 
rail is relatively low compared with the total resistance of the rail itself, but 
the proportion holds only when the bonding is installed and maintained in 
first class condition. 

439. Double bonding is resorted to in many instances in order to insure 
a path of good conductivity in case of failure of a single bond. Where 
double bonding is not required to provide additional current capacity in order 
to keep temperature rise within reasonable limits, it is better engineering to 
install a single bond of sufficient capacity from a temperature rise stand- 
IK)int and maintain this bonding in good condition. Double bonding is open 
to the objection that one of the two bonds may give imperfect contact and 
be practically useless, and such a method of installation usually results in 
the operation of the road with practically single bonding throughout. 

440. Single bonding for suburban roads where the service is infrequent 
and current demands do not exceed momentarily 1000 amperes, is to be 
recommended provided rails are frequently cross bonded and all bonded 
joints are regularly inspected and maintained in their original good condition. 

441. The heating of bonds will determine the size and number of bonds 
to be used on roads over which there is a large volume of traffic, and where 
the moving units demand a large kilowatt input, such as trains hauled by 
locomotives, etc. 

^Meaning cube whose side » 1 cm. 
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442. Heating of 9-inoh 4/0 Bonds (see 443). 
Current amperes. 500 1000 1500 2000 2500 

Temperature rise degrees G. 10 35 78 135 210 

443. Table (442) of heating constants applies only to bonding exposed to 
the air and not covered by hsh plate, in the latter case the heating will be 
somewhat increased. The values given in the table apply only to bonds main- 
taining good contact with the rail. As one of the rails composing the 
track return may become useless owing to failure of a single bond, each rai 
must be bonded with the prospect of carrying the fiul return currei.t. 
Moreover, as the heating of the bond varies approximately proportionally 
with the square of the current value and extremes in temperature are to Le 
avoided owing to the unequal expansion of copi>er and rail, it is desirable 
that the greatest conservatism be used in selecting the bonds for a given 
service. This holds especially true where soldered Ibonds are concerned, as 
too high a temperature will melt the connection between rail and bond. 
Brazed and electrically welded bonds will of course, stand a larger current 
value and higher temperature without danger of falling off. 

444. Amalgaxn bonds have been used with some success, the most 
modem comprising a spiral spring approximately 1 inch in diameter con- 
taining a soft amalgam, the whole being designed to be placed between the 
thoroughly cleaned fish plate and rail, and held in place by the bolts extend- 
ing between them. This type of bonding is easy of application and is useful 
where a concealed bond is desired. 

445. Welded joints in general give the greatest satisfaction where it 
becomes necessary to bond the rail to its full current carrying capacity as 
when the bond is called upon to carry a very high value of current. Welding 
is obtained by three methods: Cast, electric and thermit welding. 

146. Cast welding is secured by pouring the metal in a mould surround- 
ing the rail joint thoroughly cleaned for the puriK>8e. Such joints will have 
no expansion, are somewhat liable to crack, and are best suited for use in 
city streets where the track is held rigidly in place by the pavement. 

447. Thermit welding is obtained in somewhat like manner except a 
relatively small amount of metal is required and the process is not as yet 
in very general use. 

448. Electric welding at the rail joint is perhaps best secured by weld- 
ing a steel strap to each rail, the joint not being continuous between strap 
and rail but maintained at one or two points of contact. 

449. Electric welding has proved very satisfactory in the i>ast and gives 
good satisfaction where great current carrying capacity is desired. 

460. All forms of welding are necessarily somewhat expensive and are 
not well adapted to the requirements of suburban roads using T rails laid on 
ties in the open on account of the inability of such joints to allow for rail 
expansion. 

461. Third Bail Construction : Bill of Material and Approxi- 
mate Cost of Installation. 

Cost per mile, top contact 70-lb. 33-ft. Third rail, not protected; four 
supports per rail. 



Cost 



Quantity Material 



160 70-lb. A S C E rails (special comp.). 

320 2-bolt splice bars 

640 Nuts and bolts for splice box 



640 Malleable iron cups and lags 

640 Reconstructed sranite insulators. 

640 Extra for sawed long ties 

320 Rail bonds 

12 Approach blocks 

5 Anchors 

Miscellaneous supplies 




Total material A \ ^\?^.^_ 

«0\ 
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A51,^iC(mcluded,) 



Labor. 



640 Installing ties 

640 " cups, etc 

1 mile ** rails 

320 " bonds 

12 ** approach blocks 

distributing material, ties, rails, etc, 

Total for labor 




$224.00 

19.00 

75.00 

176.00 

6.00 

175.00 

$675.00 



For jumpers at crossovers and street crossings allow 300 ft. of 1,000,000- 
cir. mil cable per mile. When this is installed in fiber conduit embedded 
in concrete, cost will be approximately $1.80 per ft. 

Total for jumpers $ 540 .00 

Engineering and superintendence 400 .00 

Total cost per mile 4780 .00 

462. Cogt per Mile Top Contact 70-ll>. Third Sail, Protected, 
^ft. Bails, Four Supports per Sail. 



Quantity 



Material 



160 70-lb. A S C E rails (special comp.) 

320 2-bolt splicing bars 

640 Nuts and bolts for splice box 

640 Malleable iron cups and lags 

640 Reconstructed granite insulators 

640 Extra for sawea long ties 

320 Rail bonds 

12 Approach blocks 

6 Anchors 

800 Sets protection supporting castings 

800 Posts 

800 Pc. board 1} in. x 10 in. pine (capped) 

800 Sets Hardware 

Miscellaneous supplies 

Total material 



Cost 



Unit 


Total 


$35.00 


$2,156.00 


0.15 


48.00 


0.03 


20.00 


0.06 


39.00 


0.40 


256.00 


0.50 


320.00 


0.70 


224.00 


4.00 


48.00 


5.00 


25.00 


0.25 


200.00 


0.08 


64.00 


0.40 


320.00 


0.06 


48.00 




30.00 




$3,708.00 



Labor 



640 Installing ties 

640 " cups, etc 

1-mile " rails 

320 " bonds 

12 ** approach blocks 

1-mile " protection 

Distributing material. 

Total for labor 



0.35 
0.03 

0.55 
0.50 





224.00 
19.00 
75.00 

176.00 
6.00 

200.00 

200.00 



$900.00 



For lumpers at crossovers and street crossings allow 3(X) ft. of 1,000,(XX)- 
cir. mil cable per mile. When this is lAStallea in fiber conduit embedded 
in concrete, cost will be approximately $1.80 per ft. 

Total for jumpers $ 540.00 

Engineering and superintendence 5(X).00 

Total cost per mile 5,738.00 
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Sieic»'13.«453c: 



463. SilLiilJSatestia.ajid.i2D8|i4iAr.jaUe^PrQteotednadBr- 

running Third BaiL 

70 lb. per yd. 33-ft. xails; four supports per rail. 



Quantity 



Material 



160 
320 
640 
640 
640 



70 lb. special bull head rail. 

24x>lt splice bars , 

Nuts and boltd for splice bars 

Malleable ipon brackets a.nd hook bolts. ^ 

Pairs insulators . 

1920 Lag screws 

4400 Ft. Wooden protection. . , .... 
640 Extra for sawed long ties. . 

320 Rail bonds 

12' Approach bk>6k's.^. 

' Miscellaneous supplies. ....... 



* W V k- « 



Total material. 




m * ••• • b 



p.'^'a.<hV'« *W%.-*^ ^w^ 



"Labor- 



\^\^%^ »x/ V * 



s f % * • ^. 



640 Installing ties. «,,... 
-nnlQ .. " rails.an^-pjTQtwJion. ,.,.,. ,...,^,., ,.,.. , 

20 " ** bonds 

12 « approach blocks. 

" Distributing ti^'and rails. . 

bther material 



Totklfbr labor. 




.^4 

.2^ 

.17.6. 

6 

150 

50 



920: 



^^■« i«AA^^J* ■<§■■ l^« 



Fqyr jumpers at crossovers and street crossings 300 ft 
cable per mile. When this is installed in fibre conduit 
<H»t will b,e approximately $^,80 per. ft. 



. of K()Q6,6()g-x;irV TOiK 
embedded in concrete 



l^otal for jumpers. ^ ...... . . . . . . . . , . . 

Quperintegaidepce apd engineering 10 per cent. 



540 
Mb. 



Total cost p>er mile installed. ., .... .'.'. ........ ... . .'. .$5,535 



454. Approxlmi^te Cost of Installatlozt for 600«yolt d.c. Span 

Construction. 

Cost per mile: 

Based oh'loCfTt. pole^pacmg on "tangents— wooden ix>les— Hstandard d c. 
construction — allowance made for 10 per cent track curvaturcr— track kiid 
road bed not included.' 



Poles, 3o f t. long^ 8 in. tops at $5.50. 
Line mateiial . 



Wire apd cable exclusive of trolley. 
Trolley wire 4/0 at i26i cents. ..... 



Material. 
Labpr. . . 



Labor and matenal 

, ElVgiiieering and superintendence, .. 



Total cost per mile. 



Single 
Track 



$620.00 
325.00 
126.00 
903.00 



$1,974.00 
1.050.00 



$3.024 .00 
302.00 



Double 
I'rack 



$620.00 
450.00. 
J89.0Q 

1,806.00' 



$3 065.00 
. 1,460.00 



$4,515.00 
451.00 



Vi,*3a<b .^j^ V^^Sftfe .^^y^ 



^3 



Sec 13.-455. 



ELECTRIC TRACTION. 



465. 600-yolt d.0. Trolley Bracket Oonstructlon. 

Coflt per mile: 

Based on 100 ft. pole-spacing on tangents — wooden poles — standard 
direct current construction — allowance made for 10 per cent curvature — 
track and road bed not included. 





Single 
Track 


Double 
Track 


Poles, 32 ft. long 8 in. tops at $4.75 


$269.00 

250.00 

73.00 

903.00 


$307.00 


Line material 


500.00 


Wire and cable exclusive of trolley 


115.00 


Trolley wire 4/0 at 261 cents 


1,806.00 






Material 


$1,495.00 
775.00 


$2,728.00 


Labor 


1,290.00 






Material and labor 


$2,270.00 
227.00 


$4,018.00 


Engineering and suDerintendence 


402.00 




• 


Total cost per mile 


$2,497.00 


$4,420.00 



456. 600-120a-yolt d.0. Catenary Trolley Bracket ConitruotloiL 

Cost per mile: 

Based on 150 ft. pole-spacing on tangents — 11 suspenaons per spaa 
wooden iK>les — side brackets for single track and double brackets for two 
tracks — track and road bed not included — allowance made for 10 per cent 
curvature. 





Single 
Track 


Double 
Track 


Poles, 35 ft. long, 8 in. tops at $5.50 


$209.00 
350.00 
175.00 
903.00 


$235.00 


Line material 


700.00 


Wire and cable exclusive of trolley 


350.00 


Trolley wire 4/0 at 26i cents 


1,806.00 






Material 


$1,637.00 
800.00 


$3,091.00 


liabor. 


1.400.00 






Labor and material 


$2,437.00 
244.00 


$4,491.00 


Elnidneerine and suDerintendence 


449. OC 






Total cost per mile 


$2,681 .00 


$4,040.00 



467. 6600-11,000-yolt a.o. Construction. 

Total cost per mile I $3,230.00 I $5,475.00 

458. 6600-11, coo-Volt Span Catenary Trolley Construction. 

Cost per mile: 

Based on 150 ft. of full spacing on tangents — wooden poles — track and 
road bed not included — 11 suspensions per span — allowance made for 10 
per cent curvature. 





Single 
Track 


Double 
Track 


Poles, 35 ft. long 8 in. tons at $5.50 


$418.00 
400.00 
200.00 
903.00 


$418.00 


Line Tnat^rial .....,,. 


725.00 


Wire and cable, exclusive of trolley 


350.00 


Trolley wire 4/0 at 26i cents 


1,806.00 






Material 


$1,921.00 

900.00 

1 


$3,299.00 


labor 


1,500.00 







Labpr and material \ %'i,«i^ ^ 

Engineering and superintendence \ ^^ -^ 






Total coat per mile \ ^-^^^ ^ \ V>,W^.^ 

g04 



I 



ELECTRIC TRACTION.^ Sec.'l3.-469. 

469. Cost Of Installation of 6600-11,000-yolt a.c. Catenary Con- 
struction Supported by Steel Bridges. 

Cost per mile: 

Based on 300 ft. spans — double messenger — allowance made for 10 per 
cent track curvature — track and road bed not included. 

- ■ 

Cost per mile for four tracks. 

19-Steel bridges including erection and foundation at $850.00. .. $16,150.00 

Trolley line material 1,600 .00 

Wire and cable exclusive of trolley 1,200 . 00 

Trolley wire 4/0 at 26i cents 3,612 .00 

Material $22, 562 . 00 

Labor (exclusive of erection and foundation) 3,200 . 00 

Labor and material $25,762.00 

Engineering and superintendence 2,500 . 00 

Total cost per mile for four tracks $28,262 .00 

Total cost per mile for each track 7,065 .00 

Cost per mile for six tracks 

19-Bridge8 in place at $1250.00 $23,750.00 

Trolley line material 2,400 .00 

Wire and cable — exclusive of trolley 1,800 . 00 

Trolley wire 4/0 at 26i cents 6,505.00 

Material 33,455.00 

Labor (exclusive of bridges) 4,800 .00 

Material and labor $38,255.00 

Engineering and superintendence 3,000 .00 

Cost per mile for six tracks $41,255 .00 

Cost per mile for each track 6,876 .00 

460. Bin Of Material and Cost of 33,000-yolt Single-Phase 

Transmission Line. 

On same poles as a.c. trolley 150 ft., spacing on tangents — 40-ft. poles; 
5/6 in. steel cable for lightning protection. 

Quantity Material Cost 

40 Extra cost of poles $80 .00 

40 Cross arms 5 ft. 6 in. x 4 in. x 5 in 24 .00 

80 Braces 2 in. x i in. x 2 ft 12 .80 

40 Bolts for cross arms ^ in. x 14 in 10 .00 

80 Bolts for braces f in. x 6 in 4 .80 

40 Lags for braces and poles | in. x 6 in 1 .80 

40 Parts for attaching ground wire to pole 1 . 60 

80 Insulators and pins 72 .00 

30-lb. No. 8 B. AS. ties 8.10 

20- lb. No. 6 B. & S. for ground connections 5.40 

5300 ft. 5/16 in. galvanized cable for ground wire 63 .00 

1000 ft. I in. galvanized cable for guys (rest incl. in trolley) 14.00 

5 Splicing sleeves 1 . 25 

Solder, etc 5 .00 

Material for doubling, arming at ciurves, etc oA ><^ 

Materia] exclusive of wire ^^^"^^ 

Wire2imlea No. 2 B. & S. at 25.5 cents ^^ft^^^^ 

Total material per mile ^^ 



Secl3.-46L 



SLSCTRIC TRACTION. 



lAhor 






-•A •</ MV>W>i« •<>Vii 



40 
40 



40 



Additional -for -ereotins longsr pole».\'^\ 
Gaining roofinj^ and setting cross arms. 

Pulling and tieing in 2 trans, wire 

** * " "1 ground wire. . . . 
Extra gu^ng and grounding cable. ..*..' 
IKstributing poles extra for lon^ poles. 
Telephone cradles, etc. ; ; ...;..•....-..• 
Distributing mftteriitl other than poles. 



20.00 
>30jOO 
50.00 

3s;oo 
10:00 

lOTOO 
20.00 
10.00 







Total for labor. 



' '- ' ' ' • 



Labor and material: . . .-. . : . . .*...■.-. . . :'.\ . \ . -SlOWvTS 

Eiigineering and superintendence &5 .25 

Total -cost ijer mile.. ... . . . ■. .-.v. ..•.•.;.••.• \$1,135. 00 



^ Ik J »' J 



•\'^^ •»\ A. 



46t. BlU Of ]tfatertal «ad Oott of SSjOOO-VOlt Threo-PlWM v 

TtanunisglottXine. ' ......... 

On «ame poles as d.c. trolley 100 ft. spacing jqq tangent — 40rft-polcB« 5/1 &' 
in. steel cable. for lightning. protection-rrS wires on one.jcxosa^armrj^.ft*' 
between- wwestr —•••-"—— • -~'- ^ — — ---' — — - — - -—-"■■'-—■ ■ ">■ — ■■■' 



Quantity Material 


— tfesr - -7 




Unit' . 


. .Total. ; 


60 Extra cost of poles .■,-.. 


42.00 . 
1.00 

. 0.22. . 

..0.2&X 
0.06 
0.045 

.0.04.. 
0.90 
0.255 

6r255- 
=0.01 : 

0.014 

. < . / 


.■.•412O»O0 


60 Cross arms 5 in. x 6 in. x 10 ft. 6 in 


60.00 


120 Braces 2i.in.x J in.x3ft. 6in 

60 Bolts for cross arms ^ in. x 14 in ■. . ^ .<. ..i 

120 Bolts for braces \ in. x 6 in 


... 36.40 

..^.15.00 

7.20 


60 Lags for braces and poles 

60 Parts for attaching ground wire. .v. ., . . . . ,-. 

180 Insulators and pins 


'2.70 

. . 2.40 

164.00 


40 \h. No.. 8 B. & S.. insulator ties. 4 ft. long ... 

30 Llx No. 6 B. AS. tinned, copper for groo.ved conr 
nections •. 


V ia.20' 
7r65- 


5300 ft. 5/16 in. galvanized cable for ground wire. 

1000 ft;- \\TL. galvanized Cabfefor -guy (rest- indodcd 
with trolley material),...... ...«.«......•. ..^.U . . . 

» Splicing sleeves, solder, etc 

Material for double armSiifir at curves 


. ^53.00 

14.00 

7vO0 

»rpO. 




Material exclusive of wire 




«S^ 


Wire 3 miles No. 2 B. & a at 25.5 cents. . . 


Total material per mile 


. ■ • * i • • ' 


I .i.l,a54.55 



Labor. 




60 
60 



60 



Additional for erecting longer poles. . . 

Gaining roofing and setting 6ross arms. . . . 
Pulling JEind tieing in 3 trans.' wires. ...... 

' " " in 1 ground cable 

Extra guyiiig arid grounding groimd cable 
Distributing poles — extra; for long poles 
Distributing material other than poles 
Telephone cradles, etc.". 



Total for labor. 



• ••••••*•« 



hahoT and material 
En^neeiing and superintendeiioe 

Total cost per mile • -^ \ .^V.^1 >^ 

9(M 



.•ELTCTOIU TBXCTtOJI. SeC. lS:-468. 

DnpUeate Trkntmlrttah Una 

atpelcRfalcforliBlllniigpr ipilion— 401 polea 1.& [l "popirig 



Qoanlity Matenal 


Cost 












-M C««. arma 12 ft i 4i In i6in 

90 Bolts for moss arms 1 in x 14 8(0 
■ to Bolts for braca S in X 8 m 
00 la« for braoes 1 in x G'tn 

rS Lb m SB 4 r TOPPer wire for tK 
gnliciiiE^eei^ solder elo 


25 


1 

7 00 


*I«t*i«l flXOtuaWo of mre 


naos 


074 16 


TolalMafenali^rmiJ,. 




,?='««,. 16 







Tabar 








Eh InLulii K pules 
aKPiBtona 
feenina pnlasv 
CiUlina anJ anclionng 
RunpinitaiiJfieine. r 
ftunninK and Uoin? i l 

Gaiiiiod roofing and ail 
lagt tning orreBtBr groun 

TaWfw- labor. _ 

IaI or and roat-Vial 

EiwoeenuB and *ur 

Totn! <-i«t per milp 


it 


[ 7o 


78 78 

if 


r" 




488 76 




13003 00 




13^(12 90 



itt ■nieu«rf«W^TtchTODoi«ortiM»Ty«inv«rt«rforncm-»Brtfng-1hr»». 
■- ' ' ~ Lt'bolli fec-a auiiiily frsiiiiencr 

a.ty,o!. aaoli stMioni 
}nrtctenliD»tJi^,Jhe 

D.li(^^,t*9^^inS^^riiiBetof<r[Sji,p«*«M 

_ Bdeai»cK-tCTiJ»l»*IW«»"^™«"R- . .■ — 

■ 4U. 'While- tb* genenl arraogemsntaad typaol apparatus is similar in all 
sub-statlans there ara two minor points of 4iffaruioe laadinc to the divison 

of eub-«tatian into t<n> flksHis. - - 

1. The USB of compound or shunt ooKrencts. • _ - 

'■ a-Sfirtlatfrftift the 8;«;ior'a.K tfidar 

465. TTifl use of the C0IUTM1U1& nuuui.uuww- -ir-^i'^m;^ 



Sec. 13.-466. ELECTRIC TRACTION, 

10 very fluctuating such as experienced in sub-stations feeding suburban and 
interurban railway systems or city systems in which heavy trains accelerate 
at a rapid rate. 

466. The plain shunt-WOund converter has a restricted field in sub- 
stations suppljdng city service lines where the individual units are small and 
where a sinele sub-station feeds a large number of such units, thus producing 
a uniform load curve with small momentary fluctuations. The compound 
winding of converters is generally adjusted for flat compounding at 600 volts 
throughout the range in load, and this is best secured in conjunction with 
inductive coils placed in series with the transformer secondaries. Artificial 
inductive reactance is introduced in rotary converter sub-stations both in 
order to secure flat potential on the d.c. Edde on all loads and unity power 
factor on the a.c. side at all loads. 

467. Starting of synchronous oonverten is accomplished by one of 

three methods. 

First: d.c. starting through rheostat. 
Second: a.c. starting by induction motor. 
Third: a.c. starting from transformer taps. 

468. Starting from the d.c. side occanons no disturbance in the 
primary distributing system and recourse is had to this method of starting 
more especially when 60-cycle converters are fed from a primary distribution 
system which also carries a lighting load. This method of starting is open 
to the objection that synchronizing is required, which may sometimes be 
difficult owing to the possible fluctuations in the d.k. voltage supply. In 
extreme cases the*delay from this cause may be considerable. 

469. Starting from the a.c. side is sometimes effected through the 
medium of an induction motor having its armature mounted upon an exten- 
sion of the converter shaft. This method of startinjs while free from the 
delays caused in d.c. starting due to possible variations in d.c. potential, 
nevertheless requires synchronizing of the converter. Owing to the per- 
fecting of methods of starting converters directly from transformer taps 
the introduction of an induction motor for starting purposes becooaes a 
needless expense and is moreover a slower method of starting than method 
No. 3. 

470. Starting rotary converten from the a.c. side with a reduced 
potential obtained from transformer taps is the recognized method of starting 
in universal use, and in 25-cycle systems starting may be affected by this 
means without drawing more than full load current from the primary. The 
advantages of a.c. starting are cheapness of installation and a nunimum 
amount of time requir^ to throw the converter into service, no synchronixing 
being necessary. 

471. Instructions for Starting Synchronous ConYertera from 

Alternating Citrrent Side. 

1. See that all switches (except main negative on machine) are open. 

2. Close line switch feeding buses. 

3. Close high tension transformer switch. 

4. Close starting switch on low voltage taps — upper throw, as converter 
reaches synchronous speed (as shown by beats of the d.c. voltmeter). 

6. Close equalizer switch. 

6. Close series-shunt switch: if other converters are carrying load the 
separate excitation of series field, through the equalizer, will tend to give 
correct polarity. If polarity is reversed it should be corrected by the 
field-break-up reversing switch. Down throw of the switch causes armature 
to slip back one pole, thus changing polarity. As soon as armature passes 
the dead center (as shown by voltmeter needle at zero) the break-up switch 
should be opened from the down throw. Down throw of the switch is not a 
. running position; it is used only during the operation of correcting a reversed 
polarity. When polarity is correct, 

7. Close iSeld-break-up switch — ^uppet ^5axo^\ "Vsfvck^ «iaisL^«\«t V^ VaJi. 
Voltage. 
8. Throw Btsariing switch— quickly— itom upvw \o Vyw« ^Jsaw«, 



ELECTRIC TRACTION. Sec. 13.-471. 




no. 117. — SynchronouB converter Hul>«te.tiQii. 



8^'iaU4Zi'.~. ELSCTBIC' TRACnOH^-. 




Fia. IIB. — Converter RutoA^Witni. 



Ei^CT^ic" TMvTibN] Scfc. li-472? 



10. Adjust field rheostat. . .'•'.%; •'r,^ 

^"llr Gloae "PritingWi'teh* ' ttitfte^ furthier adjostmeats of fi^ The66taMHo 
obtain dosired divifikm of load, ^)0#er'hU)tor and voltaco'' ' 






472. Equipment of Synchronous Converter Sub-Statloni . 

1. IncomSn^ and'tmtioins'^Hmaty'Tee3el^p9oviH^^ TnfS" ^tiSonnee^g 
switches and Oghtning arresters. .,.,, .v.,.,..v ..•,-,.,,, - ,. 

2. High tenaon bus bars with autoznatii}.4»l.switdie!S pontroUing Aame. 

3. Current transformers in the primars^ conduciior ,cir.ouiJt «nd\ feeding 
ammeters and relays for operating switches.. . 

4. Step-down transformers either of the cUr-blast or oU-coo]ed typo^ 

5. Inductive coils connected in the transformer seconclar^ cifcult, ex- 
t^bdfng'tathcK^crsTdetrf^the'cbnveJrtdrs; - ' - . . » - , ... •^.-\ 

" 6. SS^iic^rpiious co'nverters. ' . ' ', ."" • - ' -^'^ 

m tC .■•■';■■••.'=' 'i ' j "•■"•■* .■■■'• ....-'■. ■•.'.,. .V ••■'.,,- ..M-,^ 

-:7v.P^c- outgPliJfiUfeeders? . .>;..- :• ... ■, r-.^^ -^ ;^^ .•.» « --> 

8. Switchboard panc^ con trqUing, both. t|)e a.c. apd d.c dde.o{ 0^^'cc^ 

verter as .well as both' a.c. and d.c. inco^ning and. outgoing, feejders 

' 478. Synchronous converters are designed' to operate both tfare^^phaae aod- 
ax-phased^jpendingupon the capacity and frequency of 'supply* < " ■'■■■,' f 

474. Stendard Capacity 26-C7CIe SynobroAbut cbnyi^^ 

. , . ,200-kw*-'''-"''-^ ^'•'•^'^'' "'^ ^•''- '• -'^-< >. Three^pjmse-T' --\ 

.-..-500 " .....•■••. .•..•...-,.., •,..■ , ...■.Slx-phas©.., ....,,. ..,■. 

1000 

' 478. Standard -Capacity eo^Jyele-fyntfUronottf Gonvwten*' - ^ 

'■■"'■• "TOb' few -^ ■ '"' '■■■ ' •/ 'Sixt^ade--'' •-■- ■ 



H 



•w" • "^ '^ ""• 



■•W"- > 



•\ ■ _■». 



,476. EatlQ of convmlon varies .apmi^whtM^vdib.tbeconstkpc^oC 
converter,, being in geneMU as foUotffs: .. . 

Three-phase cbriveriens " ' "' ' ' 370>olt& a.c. to 600 Voltfif -d.e; 

^X-ptwe ,cp^yerters7 , / 

~477. - Machineil liaving^ long pole are^'have a tomewho/t- higher' ^ratio> of 
conversion than those* of' shorter pole* arcs; and in><»rder ^to- {>Tovide> for* thtf 
differencesin types df machines-and^alsd^ foi^ -the vtarying-drdpsin the primai^ 
dtstHbution system to- whiclrrotarip' converter. sUb'^tiBblions iare cdnaeoted, it 
is customary 'to pro'vide five primary- 'tt^P^'^f 2*5 per cenii.'^«ach>in"the'Stc^ 
down transforinen^, one of thesis tapd being 2.5 pereenti above the receiving 
potential in order totake'care of thehighvatio of oonvdrsion^ longer poIe> 
arc converters. ."< ' v "■ - » 

. 478;'TImB a typical Itep-do^m' transformer -wiijlr'have^ primary -send 
secondary ratios as •follbws^— ■ - •.— • . -.'^ 

l^rima^ Voltages ;ig;6q(>—l?,l()p^l^^^^ 

Secondary Voltage. 370. . ,,.. . , ../ ..,, v .. . .,..,. ..^ 

Sucha transformer would be adapted to -operate a three-phase 25^ycle 
rotary converter from a • "' Y '' .oonneoted 33,000-volt transaiisBioa UoekF -^-^ 

479. Standard PilmaiyS^^^ 

11,000 VollB- - 

66.000 - 

rx » .> 






■ I 

Sec. 13.-480. ELECTRIC TRACTION. 

480. It is customary to use delta transformer connections for both 11,000 
and 19,000 volts and " Y " transformer connections with grounded neutral 
for 33,000 volts and higher. 

481. Many sub-stations now operating at 19,100 volts delta are doing so 
temporarily pending a change to 33,000 volts " Y " for which higher potential 
the transformers are insulated. 

482. Step-down transformers are of several types, as follows: 

A. B. or air-blast transformers, « 

O. C. or oil-cooled transformers, 
W. C. or water-cooled transformers. 
Oil transformers self-cooled, 
F. O. or forced oil transformers. 

Any or all of these several types of step-down transformers can be built 
three-phase or single-phase, in which latter case three transformers are 
required for either " Y " or delta connection with ei^h converter. 

483. Air-blast transformers when used call for the construction of an air 
chamber over which they are placed and from which they receive air at a 
pressure of from one-half ounce to one ounce. Air is supphed by a duplicate 
motor-driven fan feeding into the air chamber. This type of transformer 
is very generally used up to and including potentials of 33,000 volts. 

484. For higher potentials and for small transformer units oil is resorted 
to for cooling by a variety of means. 

485. The design of the small self Oil cooled transformer is especially 
adapted to the smaller sizes owing to its cheapness. For larger sizes it 
becomes necessary to cool the oil either by means of a cooling coil placed in 
the transformer and through which water is circulated, or by providing 
means of circulating the oil itself through an outade pipe coil in order to 
reduce its temperature. 

In general the air-blast type of transformer is preferred for potentials not 
exceeding 33,000 volts on account of its freedom from fire risk in case of a 
short circuit or burn out. For very small dn^le converter units or those 
having connection to the higher primary potentials some form of oil cooled 
transformer is to be preferred. 

486. The 8:eneral arrangement of apparatus in sub-stations is some- 
what similar in all cases as such buildings are generall>r designed for the 
purpose. In general the wiring scheme consists in providing the shortest 
and most direct path from the incoming primary lines to the outgoing d.c. 
feeders, and the interior wiring scheme is carried out with the object in view 
to prevent any crossing of circuits or doubling back upon themselves. 

487. This purpose is accomplished in the typical arrangement shown in 
Fig. (117) in which the incoming lines lead directlj^ to the high tension bus 
through an intermediate oil switch, thence to the primary of the transformer, 
from the transformer secondary through the inductive coil to the a.c. side 
of the converter, from the d.c. side of the converter to the converter pan^, 
feeder panels, and outgoing d.c. feeders. This arrangement leads to a perfect 
separation of high-tension and low-tension leads. Keeping the former en- 
tirely back of the transformers, thus making it impossible for the o^rator to 
come in contact with the hi^h potential circuit as long as he remains in the 
operating section of the station. 

488. Duplicate apparatus in a sub-station may or may not be installed, 
depending upon local requirements. The manufacture of synchronous 
converters, transformers, and general sub-station apparatus, has been so far 
perfected that failures in such apparatus are very infrequent and it is often 
customary to install sub-stations containing but a angle converter and set 
of transformers, although it is always good engineering to provide duplicate 
converter, transformers, switchboard, etc., throughout. This practice is 
largely influenced by local requirements of absolute continuity of service, 
and also by the development of the so-called portable sub-station, which is 
now furnished in units as large as 500 kw. 

489. Portable sub-stations, so-called, comprise a synchronous converter, 
step-down transformer, and switchboard apparatus, mounted in a Ixa car 
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Sec. 18.-499. ELECTRIC TRACTION. 

nal is seen. On roads where the traffic is heavy the blocks are made short ao 
that a train may run through the block quickly and not hold it against an* 
other train which may be waiting. Likewise, a high speed train will mn 
through a longer block in the same time a slow speed train will run through a 
short block, hence for high speed trains <he block should be made longer, re* 
quiring fewer mgnals for«a given length of track and affording e^reater safety 
as the trains are kept further apart. When the blocks are long and the train 
would be allowed to run at full speed after passing the distant signal (set at dan- 
ger), it is customary to place an intermediate distant dgnal far enough in ad- 
vance of the home signal to permit a stop being made before the home signal ia 
reached. This method is particularly advantageous in case the borne w gn^l 
is at the end of a long curve or the contour of the country is such as to prevent 
i ts being seen before it is too late to stop. In the case of very long blocks it is 
customary to omit the distant signal at the beginning of the block, the inter- 
mediate signal affording ample protection. 

499. Of the many signals in use at the present time, the mnapliOft 
type is undoubtedly the most popular, and the tendency now is to adopt this 
type as the standard. A semaphore is a narrow blade pivoted near one end 
to an upright post at a convenient height so that it may be clearly seen at a 
distance. The short end of this blade is fitted with a hght casting with two 
or more holes for inserting colored bull's-eyes of sufficient size to jiermit of 
their being seen at a distance at night when a hght is placed behind th«n. 
This blade is suitably connected by means of a connecting rod to a mechansim 
usually in the base of the post so that it can be turned around its iHVot 
through an angle of about 60 degrees. In the horizontal position the aema- 

Fhore indicates danger, stop, and when pointing downwards indicates clear. 
n the day time the engineer is governed by the position of the blade, whereas 
at night a hght is made to shine through a red bull's-eye for danger and 
through a green bull's-eye for clear. The adoption of a green hght to indicate 
clear inst^id of a white hght has been occasioned by the fact that white 
lights in the vicinity of the signal were often mistaken at a distance for the 
signal when the signal light was out, and in the case of a broken red glass i 
clear indication will be given instead of danger. 

500. A number of railroads have adopted what is known as the three- 
position semaphore to take the place of a home and distant m^nal located 
on one post. The horizontal position indicates that the block is occupied, 
45 denrees position indicates caution, and vertical poation clear. At night 
a red light indicates danger, a yellow hght caution and a green light clear. 
Another semaphore which is becoming quite popular pcnnts upward instead 
of downward to indicate clear. Such a blade requires no counterw^ght and 
will tend to fall to the stop position if accident occurs to prevent its normal 
operation. If it becomes covered with snow and sleet it is somewhat easier 
to operate. 

601. Any of the above Signals may be Operated by means of levers lo- 
cated in the switchman's tower and suitably connected with the signal 
through bell cranks and connecting rods or steel wires, or even by C(»n- 
pressed air controlled by electrically operated valves, but such a syiA^mL re- 
quires the constant attendance of an operator to properly set the signals. 
"The physical effort required to operate mechamcally controlled signals 
limits the distance at which they can be placed from the tower, and in case 
of compressed air it is necessary to supply a suitable air compressor equip- 
ment for each tower. Signals when thus operated will necessarily be placed 
further apart and distant signals must be dropped from the same pole as 
the home signals and placed near the tower from which they are controlled. 
In this instance the signals are so placed that the sections they control over- 
lap, that is a certain short section will be controlled by two signals, one at the 
beginning of one block and the other at the beginning of the next block, so 
that if a train should break down immediately idTter passing a signal the pre- 
ceeding signal could not clear; thus an approaching train would be sufficiently 
warned to prevent its colliding with the disabled train. 

502. The temptation, however, to allow two tnuns to occupy a long block 
in case of a disarrangement of schedule is coninderably greater than to allow 
two trains to occupy a short block. Hence on account of the advantages 
possessed by the automatic block sysiem., the blocks may be made shorter 
and additional safety be secured by eliminating the personal equation of the 
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ELECTRIC TRACTION. See. 18.-503. 

608. Fig. 121 shows diacrammatically the system of track circuits em- 
ployed on Iteam railroads at the present time. At the beginning of each 
block the rails are insulated from the preceeding section so as to form an 
insulated section known as a block. At one end of the section is a closed 
circuit battery of sufficient capacity to operate a relay at the other end of 
the block. This relay opens and closes a secondary circuit through a 
second battery which operates the mechanism moving the signals. This 
mechanism usually consists of a small series motor connected with the sema- 
phore shaft through triple-reduction gearing and a proper controlling device, 
whereby the motor is cut out and the signal held in position by means of an 
electrically operated pawl or lock. The signal m^y, however, be operated 
by means of gas stored in a tank in the base of the signal post; this method of 
operating signals, however, is not considered as satisfactory as the 
electricaT method. 

^ 604. When there is no train in the block, the track circuit current ener- 
gizes the relay which closes the operating circuit, restoring the home signal 
to clear and locking it in place. After the train has passed the next block, 
the home signal in advance returns to clear and closes the interlocking circuit 
which holds the distant signal at the beginning of the preceeding block at 
danger, thereby allowing it to return to clear. 

606. When a train first enters a block the front pair of wheels short circuits 
the rails cauang the relay to open and the holding pawls to drop out. The 
counterweights on the semaphore spring both the home and distant signals 
to the horizontal position where they remain as long as there is a pair of 
wheels on the block. 

606. It will be seen from the diagram that a broken rail or an Open 
switch will open the track circuit and cause the signals to return to danger 
the same as if there were a car in the block. 
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Fig. 121. — D.c. signal circuits (2-track steam roads). 

607. The batteries employed for the oi>eration of these signals are 
usually of the gravity cell type located at the side of the track' in water-proof 
man holes below the frost line to prevent freezing in cold weather. On some 
of the large four track systems storage batteries are used and charged from 
a main generating plant. 

608. In applying this system to electric railroads, the difficulty oc- 
casioned by the use of the rails as a return circuit for the trolley current as 
well as for the signal current prevents its operation on these lines without 
some modifications. 

609. Fig. 122 shows diagrammatically a two-rail system employed on 
electric roads, whereby alternating current at 25-^ycles is used for operating 
the relays which are commonly known as two-phase relays. Each section in 
addition to being insulated from other sections is provided with inductive 
bonds connected between the rails at each end. The return current has 
thus a complete metallic return circuit around insulated joints since the 
middle points of two adjacent bonds are connected together with a heavy 
cable capable of carrying the entire return current. One half of this current 
(if both rails are eoually well bonded) will be through the inductive bonds 
in one direction ana hau in the opposite direction, and hence will annul the 
magnetic effect produced by the ouier half, leaving the iron core practically 
non-magnetized. 

610. In order to insure that the iron core will not become saturated by an 
unbalanced direct current in case of a poor bond on one rail, an air-gap is 
made in the core to increase its reluctance, theiebv T«e^a^^iTk!(L vi^ ^ ^Rirc^ 
fliderably reduced croBs-section of the iron. 
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511. The TtHay in this system has impressed upon it alternating -ajm-t 
from two i9ources-HJie sinsie-phase traiismlsriotf line ajtid the trabK tstJSUU. 
On accotmt of the inductive nature of the rails atld thdiildutitlvtf tt6ndA,"tfa 
current in the track circuit la^ considerably behind the e.xn.f. and lieiice 
the current in one winding of the relay is out of phase with theduft^iit'iJCi tie 
other, producing a so-called revolving field, causing the relay to operate ji^ 
closing a second circuit through a battery Which operates the ai^illB. . StiidB 
both rails arc normally of the same potential aB regards the diretft cbfreol^ 
(here will be no direct current through the coil of the relay which i'd'cdO' 
nected to the track circuit. Hence the relay is independent df thli'^mount 
of current back through th« ralL The first pair of wheeb' to iNin'into '• 




Fio. 122.:— A,c. signal circuits (2-track electee roads). . 

bloelk, short circuits one coil of the relay, caunng it to drop out ainS the 
signal to turn to danger as in the previous system. When a ear is stHUdltai 
at one end of a block and when it approaches the transforrooera tet theodier 
end it has been found necessary to introduce a small iron grid in series with 
the secondary winding of the transformer in order to limit the current value 
to a safe amount. In case of a veryJong block the track reedatance. becomes 
so great that it is not feasible to place a transformer at the end of the block 
but to place it half way as shown in Fig. 123. 

612. On dngle-phate railroads where the return current is also alternat- 
ing thisiystez]:! is operative tf alternating ctirrent of g j Jiffm ' gm Ineqaency 






Fio. 123. — A.C. signal circuit, long block (2-track electric roads). 



than the trolley is substituted. A 50-cycle signal drcuit has hpeh found to 
give good results when operated on a 25-cycle trolley JByBUm, 

61S. Fig. 124 shows a lingle-rail tlKnal B7Stem which reqairee tbo- in- 
sulation oionly one rail, the other being bonded for the return ti^ley isurrent. 
In this S3«tem no inductive bonds are required, but it becomes neeeMa.'y to 
protect the relay from, stray direct currents by insertiBg an iron'^d in 
series with the relay coil. The relay is of the split-phase type sinular. in 
principle to the single-phase fan motor, whereby the current in.on«.pmetion 
of the winding is made to lag behind the current in the other pqption. 
thereby producing a revolving field. This system is partioulany .w^ 
■adapted for use in short yard blocks or where use can be made of othec bpn- 
ductora in the vicinity to compensate for the loaa of one raU^M^.tbtt-if^^nk 



SLECTBIC TRACTIOlf. See. 13.-514. 

tireuit, or where the cost of iiutalliu« inductive bond« for two-rail ayatem 
nould be prohibitive. 

■U. The problem of providine a suitable autOnUktlo block ilglUil 
SJlMin tor iblKle-tnelE muIi baa iovolved the expeoditure of so much 



However, certain pressure has been I 

n?^B have occurred dti"to l'el^r"ph 



ffic iu3f is 01 



behind 



a single track road must not only protect itse: 
t Alfio again at oppomnff trains, and hence muet a 
t of it. PrnnRriy B^joalEinj;, a train on entering 
It ffidinga ehould set a eignBl at 



BiDce certain trains have preference aver others and the cnEineer s 
ductor are inatructed to remain on the udiu^ until auch a train has 
Hence it remains to provide asainat the possibility of an engineer ni 
warned when dieregarding hia orders and ruaniog by a pasaing pcii 

SIC Fig. 12G ahows diaerammafically the prliiolplei al « 
*7lteni for eteam roade. The arrangement of track circuit 
every other inaulaled section cnntrole signals for traine going ii 




Fra. 125.— D.c. HigDfll 



Tlieee rignalaare placed onopponlesidea of the track so that they will be in 
track relays so that the train la actually protected for at least three blocks 
517. The operation of the relays and signals is the same as previously de- 
dependent upon three relays instead of one. Assuming a (rain entering a 

ing the next block an auxiliary contact on thenext reb.y ^T«v4&\«^^<:s^#aft.'^ 
ing drcuit from bdog dosed throush tii« Bsaal't<'^^^'^^°%^''^''*"^'"^^^^ 
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other auxiliary contact prevents the signal farthest in advance fmm. re( 
ing to clear. The intermediate Edgnal, however, returns to clear and open 
is repeated on entering the succeeding block. Hence it will be seen thai 
nals which are set for the guidance of trains going in the opposite directio 
turn to clear as soon as they are passed ana the other signals turn to da 
upon passing the Edgnal and remain at danger while the train is run 
through three blocks. 

618. Nonnal-clearvenut normal-danger Signals. The signals the 
described operate on what is known as the normal clear plan, that is, 
stand at clear when the block is unoccupied and move to danger aft 
train has passed. Another plan is known as the normal danger puui, tlu 
all signals stand at danger whether the block is occupied or not and u 
to clear when the train has approached within a certain distance off 
signal, moving to danger again when the train has passed. The latter syi 
I)osse8ses several advantages if the road is operated by telegraph for pa 
the distance, but it is doubtful if a majonty of these advantages do 
disappear if the principles of the absolute block system are strictly adb 
to, inasmuch as the added complication means more weaJc points in the 
tem. 

519. Trolley operated signals. Thus far only those signal eysl 
have been considered which have been the outgrowth of systems xnoi 
less perfected bv their use on steam roads. Many trolley roads are 
only single track Unes connecting two large cities twent:^ or thirty i: 
apart, but in order to compete with existing steam trains it is neceseaz 
provide sidings to accommodate a more frequent service and to provi* 
simple signal to give the motorman authority to proceed or stop, and 
avoid delay and the danger of meeting a belated car between sidiDge. 

620. A verjr simple deylce which has been used quite extenavely on i 
lines is shown in Fig. 126. Here the motorman throws a switch on entc 
a block, thereby lighting a light at both ends of the block and throws 
other switch on leaving, thus putting out both Ughts. One objectioi 
this system is as follows: ^ 

621. A motorman at one end of the Tfw^ 

block seeing a car going in his direction ' 

will follow, but being delayed in the 

block may not be able to keep in sight 

of the preceding car, hence when the 

first car leaves the block the car which 

has been waiting immediately enters 

and is met between sidings by the Fig. 126. — ^Manual systexn. 

second car which has followed. Thus 

one car will have to return to the siding and in the meantime other 
may have come up, all of which have been delayed by the time it has ta 
to change ends, thus bringing about a blocade. 

622. fig. 127 shows an automatio scheme for accomplishlDg the si 

results: the switch originally 

thrown by the motorman is |— irelfet/ 

here operated by an electro- 
magnet energized by the trol- 
ley passing an insulated con- 
tact whereby a circuit is closed 
through the trolley wheel and 
through an electromagnet to 
ground. This scheme is open 
to the same objection as the 
ori^nal method as regards fol- 
lowing cars, but by placing 
lights throughout the block 
the motorman can tell whether Fig. 127. — Automatio Bystem* 

the fflgnal has been disregarded 

after he has entered. It is doubtful, however, whether tlus is any real 
vantage to him unless he knows whether there is a car following or op] 
ing him. 

523, Fig. 128 shows a scheme wherobyJOntA VnAica^&niA «x« ^^v« 

atead of two as in the previous system. Tbia eaa«rB^\\\cfi.\.T«A«» %.^Ty 

rather than any particular apparatus manulacX-uieAiat XX^'QiNxcvaaA^v 
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Fig. 128. — Automatic system. 



the present time a great many nenals operating on practically the same 
principle are being tried by a nuniber of street railroads with more or less 
success. 

524. The idea of this system is to give an indication when the block ia 
clear, and if occupied, to give some indication of the direction of motion of 
the car in a block; in other words, it allows a car to enter a block into which 
another car has just preceded it, going in the same direction. This evidently 
saves considerable time and certain confusion in case the blocks are short, 
inasmuch as the motorman waiting at one end will see a second car approach- 
ing and will wait until it has passed out of the block before proceeding. It 
is therefore not essential to provide protection for a second car. If a car 
were held waiting at each end of a block until the signals showed clear, some 
confusion would arise due to both ears trying for the block at the same time, 
and one of them being unable to stop promptly on seeing the signal against 
him would have to back into the siding again. It will be seen, however, that 
the scheme just illustrated does not provide any protection for the second 
car, and unless it can keep within sight of the first it is liable to cause more 
coniusion than if it remained behind. 

525. The lampf in this sys- 
tem are controlled by a double 
throw electrically operated 
switch in each signal. The 
passage of a trolley wheel over 
an insulated pendant switch 
closes a circuit through an elec- 
tromagnet operating a double 
throw switch and lights a green 
lamp at the entenng end and 
a red lamp at the leaving 
end. In series with the rea 
lamps is a coil of a relay 
which opens the control circuit which operates the lighting switch in the 
signal at the other end. Hence there will be no doubt which car has the 
block if two cars enter almost simultaneou3ly from opposite ends since the 
second car will fail to light a green lamp; instead, a red light will show. 

626. To avoid the necessity of the conductor getting off and turning the 
switch to allow a car which has passed the trolley switch in this manner to 
back into the siding again, the trolley switch is placed some distance from 
the end of the siding, thus allowing the motorman opportunity to back his 
car over the trolley switch so as to be able to set the signal when he enters. 
Two trolley switches are therefore required at each end since the car leaving 
the block passes on a different track. Care should also be taken in placing 
the trolley switch for clearing the signal in so far as to insure that a car 
entering the siding will pass the switch before the waiting car can start, 
leaving fewer chances for a car to enter without setting the signals. 

627. In some instances where both local and Interurban can run o /er 
a short section of single tni^ck with many curves, or during a heavy excur- 
sion when the bulk of the traffic is in one direction, it is advantageous to 
permit several cars to enter a block and protect each one by leaving the sig- 
nals set until the last car has passed out. Such a signal can be arranged to 
accommodate any number of cars, counting them in and out, but when ar- 
ranged to accommodate very many it is manifestly unjust since a number of 
cars may have passed in one direction before a single car is allowed to proceed 
in the other. In addition to this, many of the cars which have passed 
through one block may be held up at the next siding by cars coming through 
the next block, and unlern the sidings are sufficient to accommodate all, con- 
fusion will arise in switching them by each other, whereas if some were 
made to wait at the preceding siding no such delay would be occasioned. 
When limited to a few cars this system possesses several advantages under 
certain operating conditions which are not possessed by the previous system, 
especially if the track is crooked, or the vision limited otherwise. 

628. Fig. 1 29 shows diagrammatically a cai-^0\ri!LUXL^l!5%\wca.. K^^a^^ 
throw svntch pj voted at its center \a notcYieA axo\rcv^\i^ V^o ^^r^^^^J^Ssx 

are operated by two electromagnets etvert^zed Itoto. XXve^ \a<^c^ w^\^\\!«n»j»N. 
a trolley operated switch. A car on ententvft c\o%ea ^«i ^^'^I^^^^-S^ xkO'vjs^'* "w^ 
through one eiectromaffnet, notching up t\ie ^saa\ ew\\R.w ^^'^ 
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closes a circuit through a series of greeti lamps spaced through the block and 
a red lamp at the other end. Every additional car notches the switch 
further around and in leaving, notches it back so that the last car out leaves 
the switch in its original position. 

629. The trolley switches 

in this system are usually 
placed in the single track por- 
tion of the trolley, so that 
one switch at each end serves 
for cars running in both 
directions. When a motor- 
man finds a signal against 
him after it is too late to stop 
before passing the trolley 
switch, lie should back out 
with his trolley oflf when 
passing under the trolley 
switch since his entrance 
failed to register on the proper signal and consequently should avdd 
registering out in order to leave the signal set properly for the first car 
to register ^oing in. Introducing a relay in much the same way as is done 
in the previous system prevents the opposing signal registering when a car 
enters in this manner. It can then back out with the trolley on without 
distributing the adjustment, since the absence of a tooth in the ratchet 
wheel will prevent the switch moving beyond normal when counting out. 

AUTOMATICALLT OPERATED TRACK SWITCHES. 

630. The practice of turning switches with switch bars from the front 
platform of cars has been made practically impossible by the addition of the 
vestibule and fender, and many roads have undertaken to install electrically 
operated switches and thus avoid the inconvenience and waste of time oc- 




FiG. 129. — Car-counting system. 




FiQ. 130. — Electrically operated track switch. 

casioned by requring a motorman or conductor to get off the car and turn 

them, or employing a switch tender. Usually the hand-operated switches 

are held in place by a block of rubber or piece of steel to prevent splitting the 

switch as often happens in case of double track cars, and these small blocks 

frequently require considerable manipulation before they are taken out and 

the switch turned. An electrically operated switch is turned at will by 

the motorman running over an insulated section of the trolley with power on« 

or left in its original position by coasting over this section. Perhaps the sim- 

pJest manner by which a switch may be turned \a by ^^lacinR two solenoids be- 

tween the tracks at the switch and connectVuR t\veit coxea \o ^«i s^VSdlW^s**^ 

By energizing either of these solenoids the a^teVv -snYlAoft \xmi«^\^wv«'wvi 

or the other, and it remains to place two itvwAat*^ ^^^^J^^^^^^^ 

mre whereby a car can cause current thiougjci oue at tJaa a^i«st, « Tifi»»«»* 
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ELECTRIC TRACTION. Sec. 13.-561. 

681. The following are the ways in which the switch may be operated. 

(1) A motorman wanting to go in thedirection, "A," may find the switch 
set for track, "A," in which case he may either coast over both insulated 
sections or run over that section which will not disturb the switch with power 
on and eoast over the other, or if the sections are in proper sequence he can 
run over both with power on. 

(2) If the switch is set against him, the motorman must select the insu- 
lated section which will turn the switch and run it with power on. If it is 
the last section he can run over both sections with power on. 

(3) Likewise, if the car intends to run in the direction, "B," but if the 
sections are arranged for all the combinations mentioned above for the direc- 
tion " A," there will be one less combination by which the switch can be 
operated by the cars going in the direction, "B." 

632. If the switch is on a down grade for approaching cars the ar- 
rangement of sections before the switch points proves satisfactory since the 
car can coast over both sections if necessary, whereas if the approach to the 
switch is on a considerable up grade it would be difficult to coast very far at 
the speed permissible on the grade. Hence one insulated section is some- 
times placed in the trolley beyond the switch, in which case a car will run 
over the first section with power on, setting the switch for track, "A," and 
then reset it for track, "B," by running over the second section with power 
on. Gars for track, "B," will coast over the first section. 
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Acceleration, efficiency, 118 to 140. 

energy required, 111 to 117. 

rate, definition, 60. 

train, 57 to 67, 84 to 86. 
Adhesion coefficient, 50 to 54. 
Air, reservoirs, 290, 291. 
Air compressor, dimensions, 285. 
Amalgam bonds, 444. 
Automobile train resistance, 40, 41. 
Bearing Friction, 17 to 23. 
Bogie trucks, 295 to 302. 
Bonds, 427 to 444. 

contact resistance, 436. 

cost, 451 to 453. 

heating, 422. 

resistance, 437. 

types, 429. 
Booster, negative, 425. 

railway, 347. 

track return, 425. 
Brakes, 265 to 292a. 

air, 266 to 291. 
automatic, 276. 
reservoirs, 290, 291. 
straight, 268 to 276. 
straight-automatic, 288. 

elect ropneumatic, 289. 

hand, 265. 

track, 292, 292a. 
Braking, 249 to 292a. 

effort, definition, 59. 

electric, 142 to 146. 

emergency stop, 259. 

rate, definition, 61. 

stress diagram. 262, 263. 
Bridges, cost, 459. 
Car, bodies, 303 to 308.' 

double-truck, 294 to 308. 

energy and power-consumption, 
97 to 146. 

energy required to accelerate, 
111 to 117. 

heating, 306. 

motor capacity required, 160. 

power to propel, 102 to 110, 128. 

seating capacity, 303 to 305. 

single-truck, 293, 308. 

standard dimensions, 308. 

trucks, 293 to 308. 
Car-counting signal, 528. 
Clearance-limit diagram, 325. 
Coasting, 68, 75. 
Coefficient of adhesion, 50 to 54. 

friction, brake shoes, 250 to 256. 
Collectors, 385 to 395» 407, 408. 
classificationSf 385, 
roller, 392, 393. 
sliding bow, 394, 395. 
Wheel, 386 to 390. 



Concatenation control, 137. 
Conduit trolley system, 418, 419. 
Control, motors, a.c, 131, 224 to 
239. 
motors, d.c, 121 to 125, 174 to 

223. 
motors, induction, 136 to 146. 
motors, railway, 174 to 239. 
multiple unit, 187 to 223. 
regeneration, 141 to 146. 
series-parallel, energy loss, 121' 
to 125. 
Controllers, 175 to 186. 
capacity, 179. 
hand types, 175 to 178. 
rating, 179. 

series-parallel, 175 to 186. 
Converter starting, 467 to 471. 
synchronous, standard ratings, 
474, 475. 
Cost, bonds, 451 to 453. 
catenary bridges, 459. 
cross-arms, 460 to 462. 
insulators, 460 to 462. 
insulator pins, 460 to 462. 
poles, 454 to 468, 460 to 462. 
rails, 461 to 453. 
setting poles, 460 to 462. 
stringing wire, 460 to 462. 
third-rail tonstruction, 461 to 

453. 
ties, 451 to 453. 
transmission lines, 460 to 462. 
trolley, bracket construction, 455. 
span construction, 454. 
wire, 454 to 459. 
welding, 446. 
wire, 454 to 462. 
Current, alternating third-rail 

shoes, 408. 
Current-carrying capacity, trolley 

wheels, 389. 
Curves, 42 to 45. 
max. speed, 95. 
rating, 42. 
resistance, 45. 
Distribution, railways, 330 to 492. 
a.c.^ 354 to 361. 
classification, 335. 
city service, 349. 
conductor calculations, 346. 
cost of construction, 451 to 
462. 
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Efficiency, acceleration, 118 to 140. 
motor, d.c, 99. 
railway, 99. 
series (a.c), 134. 
Energy and power consumption, 97 

to 146. 
Energy required to accelerate 

trains, 111 to 117. 
Energy-curves, definition, 64. 
Equipment, types of, 1 to 9. 
Friction, 17 to 23. 
bearing, 17 to 23. 
rolling, 18 to 23. 
Calton, coefficient of friction, tests, 

250, 253. 
General Electric Co., emergency 
straight-air brake, 271, 274. 
motor control, a.c, 230 to 236. 
multiple-unit control, 190 to 211. 
standard railway equipments, 

171. 
straight-air brake, 268. 
Grade, grades, 46 to 56. 
maximum, 53. 

power required to mount, 110. 
Heating, railway motors, 152. 
Inertia, revolving parts of train, 88. 
Insulator, insulators, 150. 
cost, 460 to 462. 
pins, 460 to 462. 
Journal friction, 17 to 27. 
Locomotive, electric, 809 to 329. 
freight, 809 to 318. 
heavy freight, 315 to 318. 
induction motor, 328. 
industrial, 324. 
motors, 169. 
motor-generator, 329. 
passenger, 319 to 329. 
power to propel, 102 to 110. 
Maximum traction trucks, 302. 
Motor, characteristics, 77 to 83. 
commercial rating, 149. 
control, (see control), 
converters, (see converters), 
d.c, efficiency, 99. 
induction, acceleration, 83. 
efficiency, acceleration, 139. 
return energy to line, 141 to 
146. 
locomotive, 169. 
losses, acceleration, 119. 
railway, 240 to 248. 
control, 174 to 239. 
efficiency, 99. 
heating, 152. 
losses, 154. * 

rating, 147 to 170. 
a.c, 165 to 168. 
service-capacity curves, 157. 
thermal-capacity curves, 155. 
series, a.c, characteristics, 82. 
efficiency acceleration, 131 
to 133, 
efficiency running, 134. 
characteristics, 78. 
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efficiency, 99. 
efficiency of acceleratioi 
heating, 152. 
losses, 153. 
railway, 240. 
thermal-capacity curves, 
types of, 9. 
Motor-generator, locomotives 
Negative booster, 425. 
Pantograph trolley, 395. 
Parke, R. A., coefficient of f: 

formulas, 252, 254. 
Phase transformation, 355 to 
Poles, cost, 454 to 458, 460 t 

setting, 460 to 462. 
Portable sub-station, 489, 49 
Power, required to propel ca 

trains, 102 to 110. 
Preventive coils, 238. 
Rail, composition, 363. 
cost, 451 to 453. 
impedance, 366 to 369. 
resistance, 363, 364. 
Regenerative control, 141 to 
Reservoirs, air, 290, 291. 
Resistance, train, (see train 

ance) . 
Schedule speed, 90 to 96. 
Service, capacity curves, 157 

stops, 91, 92. 
Signal, signals, 493 to 529. 
block, 496 to 529. 
double-track road, 496 to I 
single-track road, 513 to 5' 
trolley operated, 519 to 52 
Speed-time curves, 57 to 96. 
definition, 63. 
fundamental formulas, 6' 
motor characteristics, 77 
straight line, 57 to 76. 
Sprague, multiple-unit contro 

to 211. 
Standard car equipments, 1 
173. 
clearance diagram, 325. 
trolley voltages, 384. 
Substations, a.c, 491, 492. 
layout, 492. 
portable, 489, 490. 
railway, 352 to 361, 463 to 
connections, 352 to 361. 
location, 352. 
standard voltages, 478, 479 
synchronous converter, 4' 
490. 

equipment, 472 to 490. 
layout, 487. 
Switch, automatic, 530 to 53! 
Systems, distributing, 330 to 
Tandem control, 137. 
Top control, 131, 224 to 239. 
Thermal capacity curves, 15f 
Thermit -wcUUu^, 447. 
T\v\Td-Ta\\, ^^^ \.o \V\. 
c\ass\?vca\\oTv, "y^^. 
cotnposvWoTv, WQ, WV. 



INDEX 



construction, bill of material, 

451 to 453. 

cost, 451 to 453. 
location, 399, 400. 
resistance, 412 to 414. 
maintenance, 416. 
shoes, 407, 408. 

current capacity, 408. 

life, 408. 
Ties, cost, 451 to 453. 
Track, bonding, (see bonds), 
brakes, 292, 292a. 
impedance, 366 to 369. 
rails, (see rails), 
resistance, 364, 414, 437. 
standard gauge, 369. 
switches, 530 to 532. 
welding, (see welding). 
Traction problem, analysis of, 11. 
.tractive effort, definition, 58. 
Train acceleration rates, 84 to 86. 
diagrams, 330 to 334. 
dispatching, 494. 
motor capacity required, 160. 
operation, telegraph method, 494. 
resistance, 12 to 56. 

curves, 39. 

curve friction, 45. 

definition, 62. 

formula, 32, 38. 

grades, 46 to 56. 

journal friction, 17 to 23. 

rolling friction, 18 to 23. 

tests, 12 to 40. 

wind friction, 24 to 38. 
Transformer, connections, railway 

sub-stations, 352 to 361. 
sub-station, 491, 492. 
Transmission lines, bill of mate- 
rial, 460 to 462. 

cost, 460 to 462. 
Triple valves. 283. 
Trolley, bracket construction, 376, 

377. 

cost, 455. 



catenary construction, 378 to 
383. 

cost, 456 to 459. 
circuits, conductor sizes, 362. 
construction classification, 371. 
double system, 420, 421. 
height above rail, 369. 
resistance, 364. 

span construction, 372 to 375. 
bill of material, 454. 
cost, 454. 
standard voltage, 384. 
three-wire systems, 422. 
wheels, 386 to 390. 

current capacity, 389. 
wire, (see wire), 
life, 387. 
Trucks, 293 to 302. 
Tunnels, railway clearance dia- 
gram, 325. 
Welding, rails, 445 to 450. 
Westinghouse automatic air brake, 
282. 
motor control, a.c, 237 to 239. 
multiple-unit control, 212 to 223. 
standard railway equipment, 173. 
Westinghouse, Geo., coefficient of 

friction, tests, 250. 
Wind, resistance, trains, 24 to 38. 
Wire, copper, cost, 454 to 462. 
cost of stringing, 460 to 462, 
trolley, cost, 454 to 459. 
impedance, 368. 
resistance, 364. 
sections, 373 to 375. 
Wiring, diagram K-28F. controller, 
182. 

S.G.E. a.c. control, 234, 235. 
S.G.E. automatic relay con- 
trol, 205. 
S.G.E. multiple-unit control, 

182. 
Westinghouse multiple - unit 
control, 214. 



